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Abstract 
MELINDA J. RO B I N S 
The  pu rpose of th is  i nvestigation was to determ i n e  a n  
effective and s imple method of estimati ng body den s ity of college-age 
women ( n =51 ) ,  ages 18 to 26 yea rs , u s i n g  age a nd selected 
ci rcumference mea s u rements (thora x , wa i st ,  abdomen , h i p ,  gluteal fold 
and  th i gh ) . Two s u bp roblems were also i nvestigated . The  fi rst 
s u bp roblem was to determ i n e  if  the  s um of the selected c i rcumferen ces 
was a better predi ctor of body dens ity tha n  when eac h  ci rcumference 
was used i nd iv id u ally a s  a p red icto r .  The second s u bp roblem was to 
determ i n e  if body den s ity could best be pred icted by a l i nea r  or 
cu rvil i n ea r  relation s h i p .  Statist ic�l analys i s  of the data i ncluded 
descriptive stat ist ics for the s u bjects and  .multi ple reg ress ion  a n alyses 
to determ i n e  the best pred ictors . of body dens ity from ci rc u mferen ces . 
l nt raclass  correlat ion s  were computed to determi ne  test- retest rel i ab il ity 
of the data collected . A reg ress ion  eq uation us i ng  fou r  c i rcumferences 
(thora x ,  abdomen , gluteal fold a n d  th ig h )  was derived to p red i ct body 
den s i ty ( R 2 = .  65) . 
val id ity of the  
C ross - val idation was employed to  determ i n e  the 
reg res s ion eq uation . The fou r i ndependent 
ci rcumferences (thora x ,  abdomen , gluteal fold a nd t h i g h )  were 
s ig n if icant  ( p< .OS)  i n  thei r predi ct ion of body den s ity a n d  the  i n cl u s ion 
of f ive or  all s ix d id not add s i g n if ica ntly to the p red i ctio� of body 
den sity ( p> . 05) . · ·The  s ums of the ci rcumferences, the sq u a re of these 
s ums, th e squ a re of the i n dependent c i rcumferences and age were not 
s ignifica nt p red i ctors of body den s ity ( p> . 05) . The data of the 
va l idation and cros s -va l idation samp les were h i g h ly correlated with the 
actua l body dens ity val u es for each respective sample ( r= .  70 a nd r= . 73, 
respectively) . 
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CHAPTER 1 
I NTRODUCT I ON 
Th roughout th i s  centu ry, there has  been a n  i n creas i n g  amount  
of interest i n  h u ma n  body compos ition . Attention p rima ri l y  has  been 
g iven to two ma i n  components : fat weight and  fat-free weight . An 
i nd iv idua l's fat weight is an important component · of hea lth rel ated 
physica l fitness i n  that a n  excess ive amou nt of fat weight has  been 
s hown to increase  the ri s k  of corona ry hea rt d isease,  . hype rtens ion , 
kid n ey and ga l l  b ladder d is ease,  · a n d
� mecha n ica l  p rob lems of the foot 
and  back ( Fox & Mathews , 1 981 ; S loa n ,  B u rt & B lyth, 1 962) . Fat-free 
weight is a l so important  to hea lth rel ated phys ica l  fitness because it i s  
benefic ia l  to both ath letes a nd non-ath letes . T h e  absence of fat weight 
mea n s  i nc reased eff ic iency of movement and  ba l ance ,  and  i s  u s u a l ly 
accompa n i ed by g reater percentage of muscu latu re wh ich may mea n  
increased performa n ce .  Two p rocedures a re gene ra l ly uti l ized to 
eva luate human body compos ition . They a re :  (a)  d i rect assessment of a 
human cadaver, · a n d  (b)  i nd i rect asses sment us u a l ly don e  by 
u nderwater weig h i ng , or  mea s u rements of s ki nfolds , bon e  d iameters or 
ci rcumferences . S i n ce th e d i rect assessment method i s  obv ious ly not 
feas ib le  the methods of i nd i rect assessment have norma l ly been u sed for 
body composition eva luation .  This  eva luation i s  f i rst of a l l  con cerned . 
with ca lcu lation of the den s ity of the body . Body den s ity i s  the ratio 
of body weig ht to body vol ume (McA rd le ,  Katch , & Katch , 1 981 ) .  I t  i s  
made u p  of two components; : the  den s ity of ad ipose ti s s u e  wh ich  i s  
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con sta nt at about .90 ·g/ml , and th e dens ity of th e fat-free t i ssue wh ich 
i s  con sta nt at  abo ut 1 . 1 0 g/ml ( D u r n i n  & Wormersly, 1 974) . .  Both of 
these· den s it ies rema i n  rel atively con stant  even with· l a rge i nd iv idua l  
va riation s i n  tota l body fat (McA rd l e  et a l . ,  1 981 ).  Wh en  the density 
of the body is  determi n ed i t  ca n th en be converted to percent body fat ,  
fat weight a nd fat-free weig h t .  
T rad itiona l ly ,  l ife i n s u ra nce height-weight tables based on 
height,  age a nd sex have been u sed to determ i n e  a n  i n d iv idua l's 
ma x imum,  m i n im u m ,  a nd idea l  weig ht ( B rozek & Keys, 1 951 ; deVries, 
1 978) . These tables a re not accu rate assessments of a n  i n d iv i d ua l's 
"true" weight, i n  that th ey do n ot ta ke i nto account  t h e  ind iv id u a l's 
percent body fat (deVries , 1 978) .  For ex ample, a fema le  who is 
eighteen· yea rs o ld , f ive foot th ree i n ches ta l l  with a med i um skeleta l 
frame, wou ld  be con s idered overweight at 1 25 pou nds acco rd i n g  to the 
i ns u ra n ce tab les wh en, i n  fact ,  she is  extremel y  m u scu l a r with 14 
percent body fat . . A lthough  these height-weight tab les a l low sma l l  
i ncreases i n  body wei g ht a s  a n  i nc::Hv idua l  ages, a more log i ca l  approach 
wou l d  be to apply the cu r rent recommended weights of the  26-30 age 
g roup to a l l  ages beca u se after the age of 25, the  body loses 
approx imately 3% of i ts metabol i ca l ly active cel l s  d u ri n g  each decade 
( deVries, 1 978) . B rozek a nd Keys ( 1 951 ) poi nted out that these tables 
a re not con s idered " idea l" weights, but h ave been recommended 
averages fo r norma l America n men a nd women with a mea n age of 26 
yea rs . 
Due to th e i nte rest i n  body compos ition , seve ra( accu rate 
tech n i q ues have been developed to determ ine  the different  compos ition 
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compon ents . Beh n ke a n d  Wilmore ( 1 974) have outl i ned these tech n iq ues 
wh ich i n cl ude: u nderwate r weigh i ng ,  hel i u m d ilut io n ,  ·rad iog raph ic  
a nalys is  of  both soft t i ssue  and bon e  segments , potass i u m  ( K,.0) 
counti ng, a n d  u ltra - sou nd: Beca u se of the t ime, expense and  
perso n n el i n volved i n  the p reced i ng labo ratory tech n iq ues , va riou s 
"fi eld" methods  for determ i n i ng body compos ition th rough a nth ropometric 
mea s u rements have been i ntrod uced wh ich i nclude : s k i n fold 
th icknesses , bone  d ia meters , a nd c i rcumference mea s u rements ( Beh n ke 
& Wilmore, 1 974) . 
Va rious  stud ies have been con ducted u s i ng s ki nfold 
measu rements to p redi ct body den sity i n  both men a n d  women. A 
rev iew of these stu d i es i nd i cates confl icti ng ev idence concern i ng th e 
accu racy of s ki nfo ld  mea s u rements i n  p red i cti ng body den s ity ( D u rn i n  & 
Worme rsly ,  1 974; Pol lock ,  La ugh ridge, Coleman ,  Li n ne rud & Jackson , 
1 975; S loa n ,  B u rt & Blyth , 1 962 ; You ng , Ma rti n ,  Ten s u a n  & Blon d i n , 
1 962) . A s imple a n d  effective method for determi n i ng body compos i tion 
is  c i rcumference mea s u rements d u e  to the ease of the mea s u rement 
tech n iq u e  a nd the acces s ib i l ity of a tape mea s u re .  _Some stu dies h ave 
u sed c i rcumferen ce measu rements to p red ict body den s ity ( S i ngh  & 
Raj a ,  1 980; Weltma n & Katch , 1 975; .Wi lmore & Beh n ke, 1 970), but  these 
stud ies have u sed the c i rcumferen ces of the extremeties - rathe r  than th e 
a reas known for fat depos ition. S i n ce the ma i n  a rea of fat depos iton  i s  
t h e  t ru n k, abdomen , h i p  a nd th ig h  region s of the  body ,  the 
meas u rement of these a eas wou l d  be logical . To d ate, very l i ttl e 
resea rch h a s  been cond u cted to determi ne  body compos iton of 
col lege-age women u s i ng c i rcumference mea s u rements of the  t ru n k ,  
a bdomen , h i p  and  th ig h  reg ion s of t h e  body . 
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Statement of the P rob lem 
The purpose of th i s  study was to determ ine  a n  effective a nd 
s imp le  method of estimati ng body den s ity a nd percent body fat of 
fema l es ,  ages 1 8  to 26 yea rs ,  us ing  age a nd selected c i rcu mfe rence 
measu rements (thora x ,  wa ist ,  abdomen , h i p ,  g l utea l fol d  a nd th ig h ) . 
Two sub-p rob lems were i nvestigated. The fi rst s u bp rob l em was to 
determi n e  if the s ums of the selected ci rcumferen ces we re better 
p red ictors of body den s ity tha n  when each c i rcumference was used 
i n div idua l ly as  a p red i cto r .  T h e  second subp roblem was to determi ne  if  
body dens ity cou l d  best be p red icted by a l i nea r o r  curv i l i nea r  
relation sh ip. 
S ignif icance of the Study 
U nderwater wei g h i n g  is ·one of the most wi dely u sed a nd 
accu rate methods  for body den s ity determi n ation ( Behn ke & Wi l mo re, 
1 974) , but  due to the  t ime and eq u ipment i nvolved , t h i s  method is  not 
feas ib le  for mas s  testi ng  (Jac kson & Pol lock ,  1 976, 1 977; Wi l mo re & 
Beh nke, 1970) . Therefo re, va rious a nth ropometric mea surements have 
been  used as rel i ab le  methods for p red icti n g  body dens ity . S ki nfolds 
are the most common ly used a nth ropometric measu remen t,  but a h i g h  
deg ree of p recis ion  ca n o n ly b e  ach ieved with a s u bsta ntia l  amou nt of 
p ractice a nd ca refu l attention to tech n ique  a nd a n atomica l  location. 
C i rcumfe ren ce measu rements , however ,  a re a more con s i stent 
measu rement due to th e ease of admi n i stration without th e l imitation s  of 
' 
s ki n folds ( Katch & Katch , 1 980) . Althoug h  ci rcumference mea s u rements 
have been reported as  a n  accu rate and  con s i stent method of dete rm i n i ng 
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body den s ity ( Beh n ke, Guttentag & B rods ky ,  1 959 ; Jette, G a uth ier  & 
Mongeon , 1 979; S i n g h  & Raja , 1 980) there i s  stil l confl i ct i n g  evidence· i n  
t h e  l iteratu re con cern i ng th ei r u se. Due  to th i s  confl icti n g  ev idence ,  
th i s  study was u nderta ken to determ ine  t h e  accu racy with wh ich 
circu mferen ce measu rements ca n p red ict body den s ity. 
Hypotheses 
The fol lowi n g  n u l l  hypoth eses were i nvestigated: 
1 .  There i s  no s ig n ifica n t  relation s h ip between age a n d  the 
sum of selected c i rcumferences and body den s ity as determi n ed by 
u nderwater weig h i n g . 
2. There i s  no  s i g n ificant  rel ationsh ip  between age,  the s u m  
of selected ci rcumferences and  t h e  squa re of these s ummed 
ci rcu mferen ces a n d  body den s ity as determined by u nderwa-ter 
weig h i n g . 
3. There i s  no s i g n ificant relationsh ip  between the s u m  of 
selected ci rcu mferen ces a n d  the s q u a re of these s ummed ci rcu mferen ces 
a n d  body den s ity a s  determi ned by underwater weigh i ng. 
4 .  There is no s ign ificant  relation s h ip between age a n d  the 
ind iv idua l  c i rcumfe rences and body den s ity a s  determi n ed by 
u nderwater weig h i n g . 
5 .  There i s  no s ig n ificant  relation s h ip between the  i nd iv id ua l  
ci rcumferen ces a n d  body den s ity a s  determined by u nderwater 
weig h i n g . 
6. There i s  no  s ig n ificant  relations h ip between the �q u a re of 
the i nd iv idua l  ci rcumferences a n d  body den s ity as  determi ned by 
u nderwater weig h i n g . 
6 
Scope of the Study 
A s imple method for estimating body dens ity a n d  percent body 
fat us i n g  age, se lected ci rcu mferences , the s um of th ese selected 
circumferences , a n d  the squa re of th ese summed ci rcu mferen ces was 
investigated i n  th i s  study . The  s u bjects were volunteer female  
students from South Da kota State U n iversity , whos e ages ra nged from 
18 to 26 yea rs . U nderwater weig h i ng and  ci rcumfe ren ce meas u rements 
were ta ken d u ri ng th e fa l l  semester of the 1 982-1983 academ ic  yea r .  
The  ci rcu mferen ces were ta ken at the  fol lowin g  s ites: thora x , wa i st, 
abdomen ,  h ips , g l utea l fold of rig ht l eg ,  and  r ight th ig h . A Lufkin 
cloth tape with a G u l l i c k  h a n d l e  was used fo r the ci rcumfe ren ce 
mea surements . T h e  u nderwater weigh i n g  took place i n  a meta l ta n k  
measuri ng th ree feet, two i n ches wide by five feet long by s i x  feet 
deep . The ci rcu mference mea s u rements were ta ken i n  the Women ' s  Staff 
locker room at South Da kota State U n ivers ity ,  a n d  the  u nderwater 
weig h i ng was con d ucted i n  the u nderwater weig h i ng ta n k  located i n  the 
natatori u m .  Age, h eig ht  a n d  weig ht were reco rded for each s u bject 
immediately after the  ci rcumferen ce measu rements were ta ken . Vita l 
capacity of the s u bj ects wa s recorded j u st prior to th e underwater 
weig h i ng  u s i ng a Coll i n s  Vitalometer located next to the  u·nderwater 
weig h i n g  ta n k .  Res i d u a l  volume was predicted from the  v ita l capacity 
measures based on  the wo rk . of Wi lmore ( 1 969) . Th e s u bjects' 
ci rcumferences , weight ,  v ita l capacity a nd u nderwater weig h i ng were 
meas u red twice with the  average of the two meas u rements u sed a s  the 
rep resentative va l u e  for a l l  data a n alyses . 
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Statist ical a n a lys i s  of the data i n cl uded d escri ptive stati st ics 
for the s u bjects a n d  mu l t ip l e  reg ress ion ana lyses to dete rmi n e  the  best 
predictors of body den s ity from th e ci rcu mfe rence mea s u rements. 
l ntrac lass  cor re lations we re comp uted to determi n e  test- retest rel i a b i l ity 
of the data col lected. C ros s -va l idation was employed to determi ne the 
va l i d ity of the reg res s ion  eq uation. A p robab il ity l evel of p< . 05 was 
accepted as  the l evel of s i g n ifi cance for a l l  a n a lyses . 
Limitations of the Study 
The fol low ing  have been i dentified as  l imitat ions  of th i s  study: 
1 .  P redi ction equ ation s a re age,  sex and  popu l ation specific 
(Jackson & Pol lock ,  1 977 ; Jackson, Pol lock & Wa rd , 1 980) ; the refore; 
the u se of the  eq uation derived i n  th i s  study may not be  a p p ropriate 
for othe r  popu lat ion s. 
2. Vita l capacity was used to estimate res idua l  vol u me wh ich · 
may have ca u sed a n  i naccu rate meas u rement of body den s ity ( Katch & 
Katch , 1 980) . 
3 .  When  u nderwate r  weig h i n g  i s  u sed to mea s u re body 
de�s ity , the re-i s  some "biolog ica l  va riation" wh ich con s i sts of fou r  major 
sou rces: ( a )  va ria nce i n  the water content of the body i ndependent  of 
body fatn ess ,  ( b )  va r ia n ce i n  the protei n  to bon e  m i ne ra l  ratio ,  (c) 
va rian ce in the den s ity of ad i pose ti ssue ,  and (d) va ria nce i n  fat 
content ( Katch & Katch , 1 980) . Accord i ng to S i ri ( 1 961 ) th i s  b iolog ica l  
va r iation i s  roug h ly !3 . 8% ,  a nd does not i ncl ude the exper imenta l  e r ror 
in the den s ity meas u rement, wh ich for u nderwater wei-g h i ng i s  
app rox imate ly ! . 002 g/ml ( Katch & Katch· , 1 980).  
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4 .  T h e  i nd iv idua l  deposition of. fat i s  not the same fo r every 
fema l e  a lthough t h e  ma i n  a reas of fat deposition a re i n  the  tru n k , 
abdomen , h ip  a n d  th igh reg ion ( Beh n ke, 1 961 ; S loa n et a l . ,  1 962 ; 
Pol lock et a l . ,  1975 ) ; the refore, the p red iction equations  de rived f rom 
the ci rcumferen ce mea s u rements may not apply to a l l  fema les . 
Defin ition of Terms 
The fol lowi n g  terms have been defi n ed for th is  study : 
Body Composition. 
Body · compos ition i s  defi n ed as  the  structu re of the  h uman 
body i nc l u d i n g  fat t i ssue  and l ea n  t issue . 
Body Density (Db). 
Body den s ity refe rs to the ratio of the body weig h t  i n  g rams · 
to body vol ume i n  m i l l i l i te rs (g/m l ) . 
Body Volume. 
Body vol u me i s  defi ned as the amou nt of space the  body 
occup ies m i n u s  the  vol ume of the  l u ngs . 
Fat-Free Weight ( FFW) . 
Fat-free weight  i s  a n  i nd iv idua l's body weig ht m i n u s  fat 
weight. 
9 
Fat Weight (FW). 
Fat weig h t  i s  the  wei g ht of the enti re content of c h emica l  fat 
or l ip id  i n  the body . 
Lean Body Mass ( LBM). 
Lean body mas s  i s  defi n ed as  the amou nt of mass, or weig ht, 
of a n  i nd iv idua l  d i sregard i ng h er ad i pose t iss ue . 
Percent Body Fat (%8 F). 
Percent body fat i s  defi n ed as.- the percentage of body weight 
that i s  attr ibutab le  to ad ipose t i ss u e . Percent body fat was converted 
from body den s ity us i ng the  fo rm u l a  of B rozek, G ra nde, Anderson a nd 
Keys ( 1 963) :  
%BF = (4 . 570/Db - 4 .  1 42)  * 1 00 
' 
CHAPTER 2 
REVIEW OF LITERATURE 
The p urpose of th i s  study was to determi n e  a n  effective a nd 
s imple method of estimating th e body den s ity of fema les ,  ages 1 8  to 26 
years, u s i ng age, selected circumference measurements, t h e  sum of th e 
selected circumferences a·n d  the square of the summed circumferences . 
The l iterature revi ewed i n  this  chapter i ncl udes the fol low i n g  areas: 
u nderwater weig h i ng and  anthropometric  measu rements i nc l u d i n g 
s kinfolds, s k i nfold s  combi n ed with d iameters and circumferences , and  
c: i  rcumferences . 
·Underwater Weigh ing  
U nderwater weig h i ng i s  on e of the  most widely u sed methods 
for determi n i ng body dens ity ( Beh n ke & Wi lmore, 1 974) . When the  
dens ity of the body i s· known, lea n body mass  (fat-free weight) and  
body fat (fat wei g ht) ca n be determ ined .  Den s ity ca n be ca lcu l ated 
from the rel ation s h i p  of weig ht to volume: 
Den s ity = Weight/Volume ( Beh n ke & Wi lmore, 1 974) . 
U nd erwater weig h i ng i s  based on Arch imedes' Pr i n ciple that a n  
object immersed i n  a fl u i d  loses a n  amount of weight equa l to th e weight 
of the flu i d  which i s  d i s placed (Fox & Mathews , 1 981 ) .  When wei gh i ng 
an  i nd iv idual  tota l l y  submerged u n derwater,  the tota l body volume i n  
mi l l i liters i s  equal  to the loss of weight i n  water in  g rams because  at 
' 
4 °C there i s  a on e-to-on e  rat io  between. vo lume and weig ht  wnere 1 g of 
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water assu mes the vol ume of 1 mi . I ncreas i n g  the temperatu re of the 
water i ncrea ses the vol ume of 1 g of water and dec reases th e den s i ty, 
therefore it i s  n eces sa ry to correct for the tempe ratu re of the water 
when weig h i ng  a n  object s u bme rged i n  water (Michael ,  B u rke & 
Ava k ia n , 1 979) . When the den s ity of the water is k nown the 
ind iv id ual 's  body vol u me ca n then be ca lcu lated u s i n g  th e fol lowi ng  
formula: 
V = (Wa - Ww) /WC F  
where Wa i s  the i nd iv i d ua l ' s  weig ht in  a i r, Ww i s  the i nd iv i d u a l ' s  weight 
in  water a n d  WCF i s  the water correction factor for the den s ity of the 
water . Body den s ity i s  then determ i n ed from the fol lowi n g  equation: 
where: 
Wa 
· Db = (Wa - Ww) - RV + VG I 
WC F 
Db = body den s ity ( g/ml ) 
Wa = weig ht i n  a i r ( g )  
Ww = weig ht i n · water ( g )  
WC F = water correction factor (g/m l )  · 
RV = res i d u a l  vol ume (ml ) 
VG I = vol u me i n  G I tract (con sta nt of 1 00 m l ) . 
Percent body fat ca n then be ca lcu lated after determi n i ng the  den s ity of 
the body u s i n g  the form u l a  of B rozek  et a l . ( 1 963): 
%B F = (4 . 570/Db - 4. 1 42) * 1 00 
A lthoug h the re i s  a h igh  deg ree of p reci s ion i n  i ts 
mea s urement ,  two major d ifficu lt ies a re associated with uti l i z i n g  ' 
underwater weig h i ng  (Katch & Katch , 1 980) . The fi rst sou rce of e rror 
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is dete rm i n i ng a "true" unde rwate r  weight . Katch (1 968) suggests that 
when ten tr ials of unde rwate r  weig h i ng a re g iven , the mea n  of the l ast 
th ree tri als g i ves a n  accurate app rox imation , s i nce the re i s  a lea rn ing 
cu rve associated with  success ive tr ia l s . Wi lmore ( 1 969) on the othe r 
han d ,  has s uggested th ree crite ria  for determ i n i n g  u n de rwater weight .  
They a re :  ( a )  select the h i g hest obta i ned we ight i f  i t  i s  obse rved more 
th a n  twice ,  (b)  se lect the second h ighest weight if it  i s  observed more 
tha n  once a nd the f i rst c rite rion i s  not met, and  (c)  se lect the th i rd 
h ig hest weight i f  the fi rst two c rite ria  a re not met . Hen ry ( 1 967) 
found that the ave rage , rather tha n  best score was more log i cally a nd 
statistica l ly sou n d . Katch a n d  Katch ( 1 980) have a l so stated th at the 
ave rage of the last th ree tr i a l s  is a more dependable meas u re a nd 
, should be used when res idual volume i s  dete rm i ned sepa rate ly  from the 
u nderwate r we ig h i ng . The second sou rce of error comes i n· estimat ing  
res idual vol ume . Katch a nd Katch ( 1 980) wa rned that  dete rm i n i n g  
res i dual volume f rom some pe rcentage of v ita l capacity cou l d  res ult i n  a 
la rge e rro r  term a nd ove restimation of pe rcent body fat . Wi lmore 
( 1 969) stated ; howeve r,  that for a normal popu lation , th i s  e r ror  i s  
con s ide red neg l ig ib le .  S i xty- n i ne males a n d  1 28 females we re subjects 
in a study by Wi l mo re ( 1969) . Body den s ity was ca lcu l ated for the 
subjects uti l iz i ng  th ree d iffe rent methods .  They we re : ( a )  actua l  
res i dual  volume meas u red by the closed ci rcu it ,  oxygen d i l ut ion method, 
(b )  estimated res idual volume u s i ng the con sta nt of . 28 for fema les a n d  
. 24 for ma les , multi p l ied by v ital capacity and  ( c )  a n  as sumed con sta nt 
res i dual volume of 1 000 m l  for females and 1300 m l  for ma les·. Wilmo re 
( 1 969 )  noted that there we re no stati stica l ly s ign if ica nt d ifferen ces 
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between the mean den s ity , percent fat or  lean  weig ht dete rm i n ed by the  
actua l  res i d u a l  vol ume a nd eith er estimated or con sta nt res idu a l  vol ume .  
Weltman a n d  Katch (1975) i n  th ei r study on est imati ng body vol ume a nd 
body den s ity u s i ng ci rcumference measu rements i n  24 col l ege-age women 
stated that when ca l cu l ati n g  body den s ity an accu rate est imation of 
res id ua l  vol ume i s  essenti a l  on ly  when cha nges i n  body den s ity d u e  to 
an  experimenta l  va ri ab le ,  s uch as  p hys ica l  tra i n i n g ,  is con s idered , 
especia l ly if th i s  va riab le  i s  l i kely to ca u se cha nges i n  body den si ty as 
well as  res i d u a l  vol ume . 
A nthropometr ic Meas urements 
The  u se of anth ropometr ic  measu rements for determ i n ation of 
body den s ity i s  widesp read d u e  to the relative accu racy of estimation 
and ease of admin i stration . There is confl icti ng ev i dence i n  the 
l iteratu re about the  best method for determ i n i n g  body den s ity from 
anth ropometr ic  mea s u rements . S loan et a l. (1962) a nd You n g  et a l . 
(1962) fou nd that s ki nfo lds  s howed a h ig h  correlation with body den s ity 
in you ng w��en , wh i le Weltm a n  a nd Katch (1975) noted that s k i nfo lds 
sh.ou ld  be  questioned for th ei r p red ictive ab i l ity due  to the · relat ively . 
la rge error (:5% i n  body fat) i n  reg res s ion eq uation s u s i ng i n depe ndent 
s kinfolds . Katch a n d  M ichae l  (1968) fou nd in thei r study on Ca l iforn i a  
women , that s ki nfo lds  a lone  d i d  not g ive the  best correlation with body 
den s ity . I n  a study on you ng  a n d  middle-aged women , Pol loc k  et a l . 
(1975) reported that a .,omb i n ation of s ki nfolds , ci rcu mfe rences a nd 
' 
bone d iameters p rov ided the best p redi ction of body den s ity . -
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Skinfolds 
Seve ral stu d ies have been conducted to dete rm i n e  the 
relation s h ip between s ki nfo lds and  body den s ity in  va riou s popu l at ions 
(Dur n i n  & Wormers l y ,  1974; Moody,  Kol ias  & B u s ki rk ,  1969; S loa n et 
a l . ,  1962; You n g  et al. , 1962) . I n  a study to determine body den s ity 
a n d  body fatness i n  94 col lege-age women , You ng a n d  h e r  col leag ues 
(1962) noted that s ki nfo lds  co rre lated h igh ly with body den s ity for the 
94 women in thei r study . Twelve s ki nfold s ites were mea s u red and the 
s u bject' s  pe rcentage "sta nda rd" weight  based on age and h ei ght wa s 
recorded . They fou n d  that the  combi n ation of a l l  th i rteen mea s u rements 
correlated best with body den s ity ( R  = .7462, S E  = .0066) , b ut it wou ld 
be desi rable to u s e  as  few measu rements as  poss ib le  from a sta nd po int 
of convenience .  Accord i ng to thei r data , the p ractica l eq u ation to use  
for p red icti n g  body den s ity incl uded the s ki nfo ld on the  m id-abdomina l  
l i ne ,  ha lfway between the  umbi l icus  a nd the pub is , a long w ith  the  
percentage "sta nda rd" weight .  Th i s  was fou nd to be· more p ract ica l  
becau se th e twelve s k i nfo ld s ites chosen were h igh ly  i ntercor re lated , 
a n d  there was no s i g n if ica nt adva ntage u s i ng twelve , s i x ,  o r  th ree 
meas u rements over u s i n g  one  measu remen� . 
In  a study on 50 col lege-age women (ages 17-25 yea rs ) S loa n 
et al . (1962) attempted to estab l i s h  norma l va l ues of body den s i ty for a 
g rou p of you ng women u s i n g  a nth ropometric measu rements , and  to 
determi ne wh ich s ki nfo lds , wh ich c i rcumferences, or wh ich  combi n ation 
of these mea s u rements would best p red ict body den s ity . F i ve s ki nfold 
s ites were measu red : front of the th igh, i l i ac crest , a nterior :abdom i nal 
wal l , s ide  of the thorax  a n d  t riceps . F ive ci rcumferences were a l so 
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measu red: thigh at the g l utea l fo ld, max imum buttocks, m i n imum 
abdomen ,  ma x imum thora x  over  th e breasts and u pper a rm .  S loa n et 
a l . ( 1 962)  fou nd  that the ma i n  a reas of fat depos it ion i n  women we re 
the lower a bdome n , the front of the th igh , and above the i l i ac  c rest .  
They a l so reported that the s i ng le best p redictor of body de n s ity was 
the s k i nfo ld a bove the i l i ac c rest ( r  = - . 74) a n d  the second best 
p red ictor was the t riceps ( r = - .  68) . The  mu ltiple corre lat ion between 
these two s ki nfolds a n d  body den s ity was R = - .  74 . I t  was concl .uded 
that of th e s ki nfo lds a n d  c i rcumferen ces i nvestigated i n  the i r study the 
use of two s ki nfolds (tr iceps and i l i�c) in  a reg ress ion eq u ation wa s the 
best method fo r p red ict i ng  body den s ity .  
Moody et a l . ( 1 969) cond u cted a study i n volvi n g  e leven 
overweight  women (M age= 1 8 .  6 yea rs ) . They attempted to eva l uate the 
effects of a mode rate act iv ity p rog ram on body weight a n d  fatnes s  us ing. 
s imp le p rocedu res . The s u bjects met s i x  days a week for ten weeks for 
a wa l k-jog exerci se p rog ram .  Twelve s ki nfolds were meas u red wee kly 
a nd the fat loss was recorded . They fou n d  that both the ave rage 
weight  a nd th e mea n th ickness of the s k i nfolds decreased s i g n ifica ntly 
duri ng the course of the e xerci se  prog ram ,  and  that tota l fat decrea sed 
wh i le fat-free weight  i nc reased . I t  was concl uded that the  ca lcu lated 
loss of body fat from s ki nfo ld mea s u rements ex ceeded the ca lor ic  va l ue 
of the exerc ise p rog ram a n d  that the u se of body weig ht a n d  s ki nfolds 
a lone may overestimate the true loss of body fat . 
Du rn i n  a n d  Wor-mers ly  ( 1 974) , i n  a n  effort to determ i ne the 
accu racy of s ki nfo lds in  estimati n g  body den s ity ,  meas u red s ki nfold 
th icknessess i n  209 men and 272 women aged 1 6-72 yea rs . Fou r  
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s ki nfo lds  were ta ken : b iceps, tr iceps , s u bscapu l a  and  s u p ra i l i ac ;  and  
the ci rcumferences of the u pper a rm, u pper th igh  and  calf were 
meas u red . T h e  ma x i mum b uttocks c i rcumference was a l so mea s u red on 
some s u bjects. li n ea r reg ress ion equations were fo rm u lated to est imate 
body dens ity from s i ng le s ki nfold s  and  the s ums of two or more 
sk i nfo lds with both t h e  actua l  measu rements a n d  loga r ithmic 
tra nsformation s  of the actua l  mea s u rements . They fou nd  that 
loga rith mic  tra n sfo rmations  of the  s k i nfold mea s u rements rather  tha n  the 
actual s ki nfold mea s u rements were desi rable  to use fo r two rea son s . 
The fi rst was that the frequency d i st ribution s of. most s ki nfold s  of the 
general popu lation is pos it ively s kewed ( a lthough . th i s  m ight  i nd i cate a 
state of common obes ity ) . The  second was that the relation s h i p  
between s ki nfo lds and  body den s ity may not be l i n ea r, beca u se with 
increas i ng obes ity ,  a la rger p roportion of body fat correl ates with a 
lower body den s ity i n  women t h a n  i n  men , which impl ies th at more body 
fat content is depos ited i nte rn a l ly i n  women . 
The equ ations u sed i n  p red icti ng  body den s ity a re popu l ation 
specific ,  pa rticu la rly with reg ra rds to age a n d  sex (J ac kson & Pol lock ,  
1977; Pol loc k et  a l . ,  1975; Weltman & Katch , 1975; You ng et  a l . ,  1962) . 
Katch a nd McA rd l e  (1975) stated that the genera l izeabi l ity of a s pec ific . 
pred i ction form u l a  s hou l d  not be ass-umed without i n depen dently 
va l idati ng  it  on a nother  sample of s u bjects . Jackson et a l . (1980) have 
stated th ree reason s  for pop u lation specificity of reg res s ion eq u ations . 
F i rst , a lthou g h  the relati n s h i p  between body dens ity a n d  s ki nfo ld  fat 
' 
is cu rv i l i n ea r, the reg res s ion eq u ations that have been u sed a re l i nea r. 
Secon d, age accou nts for va ri ab i l ity i n  body den s ity beyond  that w h ich 
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i s  accou nted for by s ki nfo ld fat . Th i rd, the samp le  s izes h ave norma l ly 
been sma l l . 
I n  the stu dy by Jackson et al . (1980) wh ich i n vol ved a tota l 
of 331 wome n , ages 18 to 55 yea rs , a va l idation sample ( n  = 249) was 
used to develop generalized body den s ity equ ations  u s i ng the s u m  of 
s ki nfo lds i n  combi nation w ith age a n d  se lected ci rcumfe rence mea s u res . 
·The s um of s ki nfo lds comb i n ed with age a n d  g l utea l c i rcu mfe rence were 
both q uad rati ca l l y  a n d  loga rithmica l ly t ra n sformed. The sq u a red s u m  of 
th ree,  fou r, and  seven s k i nfo lds combi ned with age a n d  g l utea l  
c ircumference p roduced m u lti p le cor relat�ons  that ranged f rom R = .842 
to R = . 867 (SE = 3 .6% to 3.8%BF). Reg ress ion equ atio n s  were c ross 
va l idated on  another sample of women (n = 82) of s im i l a r  age a nd 
percent body fat cha racteri stics . These mu ltiple corre latio n s  ra nged 
from R = . 815 to R = . 820 (SE = 3. 7% to 4.0%BF). The mu ltip le  
cor relations  for the  loga rithmica l ly tra n sformed equations  were s l i g htly 
lower th a n  the q u ad rat it;: equ ation s. Jackson et al . ( 1980) conc l uded 
that the eq uation s we re va l id to a certa i n  deg ree wh en appl i ed to women 
of va ryi ng age a n d  body compos it ion , a n d  that ca re m u st be exerc ised 
with women over 40 yea rs of age. 
Combination of Skinfolds, D iameters and Circu mferences 
Va rious  stud ies i n  the l iteratu re have revea l ed that other  
relatively accu rate mea n s  of  p red ict i ng  body den s ity have been u sed 
· other tha n the u se of skinfo lds  a lone. Katch and Michae l  (1968) i n  
' 
the ir  stu dy on 64 Ca l iforn ia col l ege-age women , tried to determi ne body 
den s ity u s i n g  s ki nfo lds , ci rcumferences a nd bone diamete rs .  S i x  
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s ki nfolds we re mea s u red: tr iceps , s u bscapu la, abdomen, i l i ac  c rest, 
chest a nd the n i nth rib ;  a nd fou r c i rcumferences we re mea s u red: 
flexed b icep, abdomen , ma x imum buttocks and  th igh . T h ey noted that 
in a m u ltip le reg res s io n  eq uation s ki nfolds a lone d id  not g i ve the  best 
p rediction of body dens ity (R = . 58, SE = .009344) . T he tr iceps 
s ki nfo ld a n d  th e b uttocks c i rcumferen ce gave a good pred i ction eq u ation 
(R = . 64, SE = .008439) , b ut by add ing  the subscapu la s k i nfo ld a n d  
a rm ci rcu mfe rence, the correlation i n c rea sed {R = • 70, SE = .008183) . 
I n  a stu dy attempti ng  to p red i ct body den s ity of you ng ( n  = 
83) a n d  midd le-aged ( n  = 60) women, f>ollock et a l . (1975) question ed 
whether a g reater va riety of va riab l es , pa rticu l arly those fo r fat i n  the 
b u st and h ip reg ion s wou ld  i ncrea se the pred ictabi l ity of body den s ity 
of women ,  and  whether the p red iction of body den s ity was accou nted 
for d iffe rently i n  the  two sampl es that were u sed . S ki nfo ld  fat was 
meas u red at the chest, a x i l la ,  triceps ,  su bsca p u l a ,  abdomen , 
s u p ra i l ium , th igh a n d  k n ee ;  a n d  th i rteen c i rcumfere nces we re a l so 
measu red . Body den s ity was ca lcu l ated from u nderwater weig h i ng . 
They repo rted
_ 
that a combi n at ion of sk i nfolds ,  ci rcumferences a n d  
d iameters p rov ided the  best p red iction of body den s ity . T hey fou nd 
that for p red ict i n g  body density i n  you n g  women (ages 18 to 22 yea rs ) , 
the best combi n ation of fou r va r iables i n  a mu lti p le  reg res s ion  eq u ation 
was s u p ra i l i u m  a n d  th igh  s ki nfolds, knee diamete r  a nd wa i st 
c i rcumference ( R  = .83, SE = .0082) . For p red icti ng body den sity i n  
middle-aged women (ages 33 to 50 yea rs ) , the best combi n ation was 
' 
s u p ra il i u m  and  th igh  s ki n folds , wa i st c i r�umference a nd b ra c u p  s ize (R 
= . 89, SE = .0069) . B ra c u p  s ize was fou n d  to be one of the best 
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p red ictor v a ria bles of m idd l e- aged women , but wa s not of impo rta nce for 
you n g  women . 
Circu mferences 
Beh n ke et a l . (1959) con d u cted a study attempti n g  to 
determ ine body weight i n  men from the prod uct of statu re ( h ) , a 
con sta nt ( k) a n d  the  squa·red s u m  of certa i n  ci rcu mfe rence 
mea s u rements . Beh n ke a n d  h is col leag ues compa red the  body to a 
cyl i nder to determ i n e  the body weig ht . Body radi u s ,  R, wa s ca l cu l ated 
to p redi ct body weight by d iv id i n g  the. s u m  of certa i n  ci rcu mferen ces· 
by the s u m  of con sta nts . Seven mea s u rements (b ideltoid d iameter a nd 
c i rcumfe rences of the chest,  b iceps , forea rm, buttocks , th igh  a n d  ca lf) 
were s ummed for the  ca lcu l ation of body weight . Body weight was 
ca lcu Ia ted from the ci rcumferen ce inea s u  rements of the tru n k (ch est, 
wa i st,  buttocks a nd th ig h )  a n d  a l so from the c i rcu mfernece 
meas u rements of the extremeti es ( a n k le ,  ca lf,  knee, wri st, forea rm, 
b iceps a n d  b ideltoid d i ameter) . They stated that when the wei g hts 
de rived from these two ca lcu l ations  we re eq ua l , there was about 19% 
bo.dy fat i n  the men . Beh n ke et a l . fou nd a correlation of .80 between 
body den s ity and  the estimate of excess fat determ i n ed f rom the 
a na lys i s  of the tru n k  ci rcu mferences mi n u s the e xt remeties 
c i rcumferences . T h ey stated that the ci rcumferen ce of the h i ps at the 
level of the buttocks was the best s i n g l e  d imen s ion together. with he ight 
for the estimation of body weig ht .  
' 
You ng a n d  B lon d i n  ( 1 962)  rep l i cated the Beh n ke et .a l . (1959) 
stu dy for the  p u rpose of p red icti ng body weight i n  women (ages 17-27 
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yea rs ) . They measu red the . c i rcu mfe rences of th e shoulder ,  buttoc ks , 
wa i st,  th ig h ,  knee , fo rea rm, ca lf a n d  biceps a n d  the b i delto id d i ameter. 
Estimates of body fat calcu lated on  the  bas is  of trun k a n d  extremity 
weig hts derived f rom c i rcumference measu rements were compa red to 
those derived from body den s ity .  They fou nd  a cor re lation between 
pred icted a n d  actual body weight of r = .8690 . The co r re lation between 
these ci rcu mfe rences a nd body den s ity was lowe r r = .3485. 
Wi lmo re a n d  B eh n ke (1970) · i n  thei r study i n vo lv ing  128 
females (M age = 21.41 yea rs) took fifty- seven a nth ropometric 
mea s u rements i ncl u d i ng s ki nfolds ,  d i ameters and  ci rcumferences . The  
pu rpose of thei r study was to  i nvest igate the p red icta b i l ity of body 
den s ity a n d  lea n  body weight  in  you ng women · u s i n g. th ese 
a nth ropometric mea s u rements . They fou nd thei r g reatest mea s u rement 
error was associated with th e fi rst a nd second mea s u rement of the 
ci rcu mferences . T hey conc l uded that a m in imum of two mea s u reme nts 
be ta ken for each s ite a n d  that a th i rd measu rement be ta ken when the 
difference between the fi
.
rst two mea s u rements is  g reater tha n  1% of the 
in it ia l va l ue .  T h ey also noted that both body den s ity a nd l ea n  body 
we.ight  ca n ·be p red icted a lmost eq u a l ly wel l from eith e r  s ki nfol ds , 
circumfe ren ces a n d  d iameters , o r  a combi n ation of these . 
I n  a study i n vo lv i ng  24 col l ege-age women , Weltma n a n d  Katch 
(1975) i nvestigated the re lat ion s h i p  between i n d ivid ua l  segment vol umes 
and  selected c irc u mferen ce mea s u rements , and  the ab i l ity of these 
meas urements to p red ict body dens ity and  body vol u me . T h e  
ci rcumference mea s u rements were ta ken i n  th ree a reas :  (a ) lower 
extremeties of the g l utea l fu r row , ma x imum th igh , m i n imu m  th igh . j u st 
21 
above the knee,  maximum knee,  ma x imum ca lf and  a n k le ,  ( b ) u pper 
extremeties of the acrom ion , uppe r  a rm, e lbow, max imum fo rea rm and 
sty loid , a nd (c)  tru n k  i nc l u d i n g  the  g l utea l fu rrow of  both legs 
together, ma x imum buttocks , top of the b uttocks , i l iac crests , 1 2th ri b 
a n d  b iacromion . Body dens ity a n d  l ea n  body weight  were ca lcu l ated 
from u nderwater we ig h i n g . They reported a mu ltip le correl ation of R = 
. 81 , between body den s ity a n d  fou r  c i rcumferences: ma x im u m  th igh , 
max imum ca lf,  max imum forea rm a n d  ma x imum knee .  Weltma n and Katch 
stated that th ere is no rea son to bel i eve that ci rcumfe rences shou ld 
correlate w ith body den s ity as  they do with body vol u me s i nce 
p red ict ing body den s ity i s  popu lation s pecif ic and  p red ict ion of body 
vol ume i s  not . I n  order to va l idate the reg ress ion  eq u ation , Wel tma n 
a n d  Katch u sed a sample of 22 col l ege-age ma les . The  cor rel ation 
between actua l  a nd p red icted body vol ume res u lted i n  R = . 93, SE = 
1 . 82 L. For body den s ity ,  however,  the corre lation was R = .43, S E  = 
. 014 g/m l , wh ich  may i nd icate the  pop u l ation specificity of body 
. den s ity . I t  was conc l u ded that i t  was poss ib l e  to p red ict tota l body 
vol ume accu rately u s i ng selected c i rcumference mea s u rements . 
Jette et a l . (1979) developed a s imp le  method fo r estimat ing 
idea l body weig ht  in  ma les ( ages 20  to  59 yea rs , n = 40) u s i ng the 
chest a nd max imum abdom i n a l  c i rcu mference meas u rements . They fou n d  
that a decrease i n  a bdomi n a l  c i rcumference associated with weight loss 
with no decrease i n  chest c i rcumfe ren ce was h ig h ly cor re lated ( r  = 
. 842) with a decrease i n. ota l body weight .  They a l so reported that a 
' 
diffe rence of 1 2  em between chest c i rcumference a n d  , abdom i n a l  . 
ci rcumference wou l d  i nd icate approx imately 15% body fat .  I n  a ·c ross 
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va l i dation techni q u e on a second set of su bjects ( n  = 40) , the re wa s no 
sig n if icant d iffe rence between the mea n ideal body we ight d ete rmi n ed on 
th e bas is  of 1 5% body fat, a n d  the mea n idea l body wei g ht p red icted by 
the use of ci rcumfe re n ce mea s u rements . Jette a n d  his col l ea g u es 
con cl u ded that the method wh ich they u sed cou l d  be ve ry . u sefu l fo r 
p red icti ng idea l  body weig ht a s  a "fie ld"  p roced u re .  
S i n g h  a n d  R aja (1980) i n  th ei r stu dy u s i n g  ci rcumfe rence 
mea s u rements to estimate body vol ume a n d  body den s ity i n  200 I nd i a n  
g i r ls  (ages 1 0  to 1 9  yea rs) , noted that the ci rcumfe rence m ea s u remen ts 
co rrel ated high ly with body vol ume (_R = . 91 , . S E  = 2 . 2 1  L, b u t  
somewhat lower w i t h  body dens ity ( R  = . 72 , SE = . 01 7  g/m l ) .  Sel ective 
stepwise m u lti p le  l i nea r reg res s ion a n a lys i s  was u sed fo r the estimation 
of body vol ume.  H ip  ci rcu mference was th e most common ly sel ected 
mea su rement at the fi rst step i n  the reg ression eq uation wh i c h  u sed a 
d ifferent set of ci rcu ·mferences for each d ifferent age g rou p .  Fo r body 
den sity ,  h owever ,  th e �ost common ly u sed measu rements we re forea rm 
a n d  abdomen ci rcumfe rences . The m u lt ip le  R va l ues they obta i ned were 
.88 for the 1 8_ yea r o l d  g i r ls,  a n d  . 901fo r the 1 9  yea r o ld  g i r ls .  S i ng h  
a n d  Raja concl u ded that a few ci rcumference mea s u remen ts a lone ca n 
p rovide a re lati vel y  accu rate esti mation of body dens ity i n  d i fferent age 
g ro u ps of fema les. 
Katch a n d  Katch ( 1 980) i n  thei r review of t h e  l i te ratu re , 
discussed e r ro r  sou rces i n  the assessment of body compos ition 
determ i ned by u n d erwatea wei g h i ng and a nth ropometri c  m ea s u rements . 
T h ey stated that ski n fold a n d  ci rcu mfe�ence meas u rements  may not be 
adeq uate for p redicti n g  c h a n ges in body fa·t as the res u lt of some 
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exper imenta l  treatment .  They a l so stated that c i rcu mference 
meas u rements were the c lea r method of choice fo r p red icti ng body fat 
when u sed one t ime fo r a relatively accu rate app ra i sa l  beca u se they 
were a more con s i stent measu rement th a n  s k i nfolds due  to the ease of 
admi n i st ration without the l im itation s  of s k i nfolds . 
S ummary 
The l iteratu re rev iewed · has  i n d icated a n  appa rent  l ack  of 
agreement among resea rch e rs as to wh at i s  the best combi n ation of 
a nth ropometr ic  mea s u rements for dete.rm i n i ng  body den s ity . Some 
resea rch ers ag ree that outs ide of u nderwater weigh i ng ,  s k i n fold 
th icknesses a re the most va l id and rel i ab le  mea n s  of body den s ity . 
determ ination ( Du rn i n  & Wo rme rs ly ,  1 974; S loan et a l . ,  1962; You n g  et 
a l . ,  1962) wh i le othe rs contend that a combi n ation of s ki nfol ds , 
d iameters a nd c i rcu mferen ces a re better for body den s ity p red i ction 
(Katch & Michae l , 1968; Pol lock et a l . ,  1 975) . Some recent a rt ic les i n  
the l i te ratu re have stated that c i rcumferen ce measu rements a lone 
prov ide an accu rate estimation of body den s ity (Jette et a l . ,  1 979; 
Ka.tch & Katch , 1980; S i ng h  & Raj a , 1980) . 
When loo k i n g  at the c i rcumference s ites measu red by p reviou s 
resea rche rs , one not ices that aga i n  there i s  a lack of ag reement a s  to 
what i s  the best combi n ation of c i rcumference mea s u rements fo r 
determi n ation of body den s ity .  S i ng h  a n d  Raja (1980) measu red twenty 
d iffe rent c i rcu mferen ces . n d  fou nd  a d ifferent combi nation of fou r 
ci rcumferences for each age g roup  i n  t.hei r study. A - d ifferent 
comb i nation  of fou r d ifferen t  c i rcumferen ces was meas u red by We ltmen 
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a n d  Katch ( 1975) a n d  then a nother  completely d i fferent  set of 
ci rcumferen ces was mea s u red by Katch and  McArd l e  ( 1 975) . 
S i n ce the ma i n  a rea of fat depos ition i n  females i s  t h e  tru n k, 
abdomen , h i p  a n d  th igh  ( Beh n ke,  1961, Pol lock et al . ,  1975; S loa n et 
al. , 1962) , it can be  assumed that i n  order to obta i n  an accu_rate 
estimation of total body fat ,  the a reas conta i n i n g  the major  amou nts of 
fat shou ld  be mea s u red . 
CHAPTER 3 
METHODS AN D P ROCEDU RES 
The pu rpose of th i s  study was to determi ne  an  effective a nd 
s imple method of estimati ng  body den s ity and  percent body fat of 
fema les , ages 18 to 26, u s i n g  age, selected ci rcumference measurements , 
the sum of the c i rcumfe rences , a nd the squa re of the summed 
c i rcumferences . T h e  d i scu s s ion of the methods and  procedu res u sed i n  
the p resent study i s  p resented i n  the fol lowi ng order: o rga n ization of 
the study, source of the  data , col lection of the data , and  a n a lys i s  of 
the data . 
Organ ization · of the Study 
The subj ects for th i s  study were vol u nteer fema le  students 
ages 18 to 26, from South Da kota State U n iversity .  Each s u bject was 
measu red for the fol lowi n g  va riab les: weight i n  a i r ,  weight  u nder  
water,  v ita l capacity ,  c i rcumferences of th e thorax , wa i st ,  abdomen , 
h ips , g l utea l fold of the r ight  leg a nd right th igh a nd he ight .  The 
s u bjects were retested on u nderwater weigh i ng ,  
ci rcumferences two days after the o rig i n a l  measu rements . 
weig ht a n d  
' 
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Sou rce of the Data 
Fifty-one normal a n d  hea lthy col lege - age fema les  · w hose ages 
ra nged from 1 8  to 26 yea rs were used as  s u bjects . The  s u bj ects were 
stu dents at South Da kota State U n ivers ity who vol u nteered to 
pa rticipate . Each s u bject was i nfo rmed as  to the natu re of the  p roject, 
of the  tests to be admi n istered , a n d  was req u i red to s ign  a n  i nfo rmed 
con sent for pa rtici pation i n  a resea rch p roject (Append i x  A ) . A l l 
s u bj ects were g iven a n  exp la n ation of the va riou s test p rotoco ls  p rior to 
the expe rimenta l testi ng (Append i x B) . The s u bjects were as ked to 
refra i n  from eati ng , d ri n ki ng a nd smoking for a mi n imum of two hou rs 
before the test i ng  p rocedu res (Jackson et a l . ,  1 980) . The b l adder a n d  
bowel s  we re a l so empt ied before t h e  testi ng proced u res . To avoid a ny 
p roblems · that may have occu red with fl u id retention d u ri ng 
men stru ation ,. a l l  s u bjects were eva l uated at l ea st seven days p rior  to 
the on set of or after the d i sconti n u ation of thei r men ses (Jackson et 
a l . , 1 980) . 
Col lection of th e Data 
The data were col lected d u ri ng the fa l l  semester of the 
1 982- 1 983 school  yea r at South Da kota State U n i ve rs i ty . The age,  
h eight,  weig ht a n d  ci rcumferences were ta ken i n  the Women ' s  Staff 
Loc ker room a n d  the  vita l  capacity was determi n ed a n d  u nderwater 
weig h i n g  con d u cted i n  the natato ri u m . · The  descr iption of the 
procedu res u sed for the col lection of the data is  p resented in the . 
� 
fol lowi n g  order :  ci rcumferen ce measu rements , age, wei g ht ,  he ig ht ,  
v ita l ca pacity ,  esti mated res idua l  vol ume, water den s ity, u nderwater  
weig h i ng ,  body den s ity and · percent body · fat . 
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Circumfe re nce Meas u rements 
C i rc u mfe rence mea s u rements were measu red to the n ea rest 1 
mm with a Lufki n c loth tape wh ich h ad a G u l l ic k  h a n d le  fol lowing  the 
p rocedu res of Beh n ke and Wi lmo re ( 1 974) ,  and Lohma n ,  S l a u g hte r  and 
Boi lea u ( 1 982) . A l l  ci rcu mference s ites were ma rked with a demog rap h ic 
penci l p rior to the testi ng  mea s u rements . Fo r a l l  of the ci rcu mference 
meas u rements , th e s u bjects wore on ly u nderwea r .  No b ra wa s wo rn so 
as  to red u ce a ny pos s i b le erro r  i n  the mea s u rement of th e tho racic  
ci rcumfe rence . 
A l l  mea s u rements we re ta ken i n· a horizonta l p l a n e  on  the  body 
fol low ing  a norma l  ex pi ration . The s u bjects ma i nta i n ed a norma l ,  
comfortab l e  sta n ce with the feet s l ightly apa rt and  the weigh t  even ly 
d i str ibuted d u ri ng a l l  of  the ci rcumference meas u rements , except for 
the h i p  ci rcumference where the feet were together . Meas u rements 
were ta ken th ree times i n  rotationa l  orde r .  The mea n of the  th ree 
meas u rements was recorded a n d  used for the a n a lys i s  of the  data . A 
d ifference of :t 3 em was accepted as  the ma rg i n  of e rror for the 
ci rcumference mea s u rements . 
Acco rd ing  to Beh n ke ( 1 961 ) ,  Pol lock  et a l . ( 1 975) a n d  S loa n . 
et a l . ( 1 962 ) , the major  a rea s of fat depos ition i n  fema l es a re i n  the 
tru n k ,  a bdomen , h i p  a n d  th ig h  reg ion s of the body . Therefore, i n  
order to obta i n  a n  acc u rate estimation o f  tota l body fat i n  fema les , the 
ci rcumfe rence mea s u rements were ta ken at the fol lowi ng  s ites : 
Thora x . The  thoracic measu rement was ta ken j u st below th e 
b u st at the l evel of the  eig hth r ib between the seventh a 'n d  e ighth 
i ntercosta l s pace on th e m idax i l l a ry l i n e .  The subject stood e rect with 
the  a rms s l ig htly abducted . 
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Wa ist .  T h e  wa i st ci rcumference wa s ta ken a t  the level of 
mi n ima l g i rth as noted from t h e  poster ior v iew .  The s u bject stood e rect 
with the a bdomen re l axed . 
Abdomen . T h e  abdomen ci rcumfe rence was ta ken at a l evel 
midway between the umb i l i cus  a n d  the i l i ac crest on the a nterio r  s ide . 
The  s u bject stood erect w ith the abdomen rela xed ( Beh n ke & Wi lmore, 
1 974). 
H ips . T h e  h ip mea s u rement was ta ken at the J evel of the 
g reater troch a nters ; a nterior ly at the level of the symp hys i s  p u bi s ,  a n d  
posterior ly a t  the  max i mal  p rotrus ion .. of t h e  g l utea l mu sc les . T h e  
s ubject stood e rect with the mu scu l atu re rel axed . The  feet we re 
together with th e weig ht even ly d i str ibuted ( Lohma n  et a l . ,  1 982) . 
G l utea l Fol d . T h e  g l utea l measu rement was ta ken h o rizonta l ly 
j ust below the  g l utea l fol d  of the r ight leg . The s u bject stood e rect 
with the mu scu l atu re re l axed . The  feet we re s l ig htly apa rt with the 
wei g ht even ly  d i str ib ute� ( Beh n ke & Wi lmore, 1 974) . 
T h igh . T h e  th i g h  ci rcumference was ta ken midway between 
the g reater tr:-ocha nte r  a n d  the p rox ima l borde r  of the  pate l l a  on the 
a nterio r portion of th e th i g h  of the rig ht leg . The s ubj ect stood e rect 
with the mu scu l atu re re la xed . The  feet were s l ight ly apa rt with the 
wei g ht even ly d i str ib uted ( Lohma n  et a l . ,  1982) . 
Jackson et a l . (1980) i n  th ei r study measu red seven s ki nfold 
sites . A l l  of these mea s u rements were summed together  a long  with the 
sum of fou r (triceps , ab  omen , s u pra i l i um a n d  th ig h )  a n d  the  s u m  of 
' 
th ree (triceps , s u p ra i l i u m  and  th igh ) beca use  Jac kson et a l . ( 1 980) 
fou n d  that th e s u m  of s k i nfo lds  prov ided a · better p redi ctor of body 
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den s ity th a n  the i ndepen dent s ki nfolds . Du rn i n  and  Worme rs ly  ( 1 974) 
in  thei r stu dy fou nd that the  re lation s h i p between body den s ity a nd 
s ki nfolds was not l i n ea r, b ut rathe r  loga rithmic or quad ratic i n  form . 
Based on these  two fi n d i n g s ,  th e ci rcumfe rences i n  the  p resent study . 
were both s ummed a n d q uad ratica l ly t ra n sformed to determi n e  whether 
they too wou ld become better p red ictors of body den s ity . 
Age, Weight and He ight 
The . s ubj ects '  age in  yea rs was reco rded to the n ea rest tenth . 
The subjects ' weig ht was recorded i n  k i log rams to the nea rest 1 0  g o n  a 
standa rd phys icia n ' s  sca l e .  The s u bjects were weighed wea r ing  � 
one-piece nylon bath i ng s u it immediately fol lowing  the ci rcu mference 
mea s u rements a nd before · the  u nderwater weigh i n g . The s u bjects ' 
heig ht was recorded to the nea rest . 5  em immediatel y  fol low i ng the 
recording of the s u bjects ' weight on the standa rd phys ici a n ' s  sca le  
u s i ng a retractab le  rod for meas u ri ng height .  
Vital Capacity · · 
Vita l capacity i s  th e max imal  vol ume of a i r expi red after · 
max ima l i nsp i ration ( Fox & Mathews , 1 981 ) .  . Vita l capacity wa s 
determi ned to the nea rest 50 m l  with the u
·
se of a Col l i n s 6 L 
Vita lomete r . The s u bject sat comfortab ly next to the  Vita lometer,  
wea ri ng nose  cl ips . The s u bj ect then i n h a led as much a i r as  pos s ib le ,  
i n serted the mouth piece clos i ng the  mouth a rou nd  it ,  l eaned fqrwa rd so 
that th e back was n ea r ly pa ra l le l  to the f loor,  and exha led as 
-
forcef u l ly  
as poss ib le  u nt i l no more a i r cou ld be  ex ha led .  Th ree mo re tr ia l s  were 
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then completed with the h ighest read i ng reco rded as  th e vita l  capacity .  
I f  the readi ngs s howed a n  i ncrease with each  expi ration , two more t ri a l s  
were comp l eted to determi n e  a level i ng  off of the  s u bject' s vita l  
capacity . The  s u bjects were a sked to lea n  forwa rd wh i l e  e x ha l i ng i nto 
the mouth piece of the Vita lometer so as to be s imi l a r  to the  pos ition 
obta i ned d u ri ng th e u nderwater weig h i ng . 
Estimated Res id u a l Vo l ume 
Res idua l  vol ume of the fema le  s u bjects was determ i n ed by 
mu lt ip lyi ng  v ita l capacity by the con sta nt . 28 (Wi lmore, 1 969) . I t  i s  
recog n i zed that error  in  estimatin g  res idual  vol ume from vita l capacity 
i n  u nderwater weig h i ng does ex i st (Wi lmore, 1 969) , b ut for a normal  
pop u lation , th is  erro r  is  con s idered n eg l ig ib l e .  Wi lmo re ( 1 969) fou nd 
that the correl ation  between actua l  res idua l  vol ume a n d  estimated 
res idua l  vol ume from vita l capacity was . 875 in  fema l es a n d  . 948 i n  
ma l es . 
Water Den sity _ 
The temperatu re of the water was recorded i n  centig rade to 
the n ea rest deg ree before each s u bject's  body den s ity was mea s u red to 
determ ine  th e wate r den s ity correction factor .  The temperatu re of the 
0 0 water was mai nta i n ed between 32 C and 39 C .  The  water  den s ity 
correction factor was recorded u s i ng Michael , B u rke a n d  Ava kia n 's 
( 1 979) cha rt wh ich conta i n s  water temperatu res and  the corres pond i n g  
' 
correction factors . 
3 1  
U nderwater Weigh i n g  
A meta l wate r tan k mea s u ri ng th ree feet, two i n c h es wide by 
five feet long by s i x  feet deep was u sed for the u nderwater weig h i ng . 
The s u bject sat on a swi ng  cha i r  s u spended from a C h ati l lon 9 kg 
autopsy sca le,  wh ich  was s u pported overhead . Each s u bj ect wore a 
one-piece nylon bath i ng s u it ,  a nd was i n structed to squeeze out  a ny a i r 
bubb les wh ich might  h ave become trapped i n s ide th e s u i t .  T h e  s u bj ects 
were a l so i n structed to get r id of a ny rema i n i ng a i r bu bb les l eft on th e 
body by ru bbi ng the a rms , l eg s ,  back a n d  ha i r .  Before immers io n ,  the 
s u bject sat on  th e swi n g  s eat in  a ba l anced pos ition and ex h a led as 
m u ch a i r  as  poss ib le . The  subject then leaned forwa rd to become 
s u bmerged a nd ex h a l ed a ny rema i n i ng a i r , then attempted to rema i n  as  
sti l l  a s  · poss i b le wh i l e  the  u nderwater weight was recorded . The  
s u bj ect wa s i n structed to attempt to rema i n  u nder  th e water for 
approx imately ten s econds  so a n  accu rate read i ng of the weig ht cou l d  
b e  obta i ned .  T h e  s u bj ect was stongly encou raged to ex h a l e  a s  much a i r 
as poss ib l e . 
The u nderwater weighi n g  p roced u re ( Beh n ke & Wi lmo re, 1 974) 
was repeated s i x  to ten times u nti l th ree s imi l a r  read i ngs  to t h e  nea rest . 
50 g were obta i ned . The  ta re weight  for the swi ng  seat was recorded 
to the nea rest 1 0  g before · the  subject entered th e water .  The ta re 
weight wa s s u btracted from the mean of the th ree s i mi la r  read ings  of 
the u nderwater weig ht,  a n d  was u sed for the ca lcu lation of the fi na l  
u n derwater weig ht va l u e  f r each of the  subjects . 
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Body Dens ity 
Body den s ity was ca l cu lated from the measu rements ta ken i n  
the u nderwater weig h i ng . Correction s for res idua ]  vol ume i n  the l u ngs  
and a i r i n  the G l  tract were ta ken i nto accou nt . The den s ity of  the 
body was determi n ed accord i n g  to the formu la  of  Beh n ke and Wi lmore 
( 1 974) : 
where :  
Wa 
Db = (Wa - Ww) - RV + VG I 
WCF 
Db = body den s ity (g/m l )  
Wa = weig ht i n  a i r  ( g )  
Ww = weig ht i n  water ( g )  
· WC F = wate r correction facto r (g/ml )  
RV = res idua l  vol u me i n  the l u ngs (m l )  
VG I = vol u me i n  t h e  G I tract (constant of 1 00 m l ) . 
Percent Body Fat 
Percent body fat was ca lcu l ated accord i n g  to the form u l a  of 
B rozek,  et a l . ( 1 963 ) : 
%BF = (4 . 570/Db - 4 .  1 42)  * 1 00 .  
Fat weig ht was th en dete rm i n ed b y  mu ltip lyi ng tota l body weight  by 
percent body fat,  a n d  fat-free weight  was determi n ed by s u btracti ng. 
fat weight from tota l body wei g ht . 
' 
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Ana lys i s  of the Data 
Test- retest rel i ab i l i ty of the  data was determi n ed u s i n g 
i ntrac lass  cor relat ions  with mea n squ a re with i n  subjects u sed a s  the  
error  te rm . After the rel i ab i l ity of the  data was estab l i s h ed ,  the 
mea s u rements ta ken on Day 1 a nd Day 2 were averaged together to 
establ i s h  the  c riterion mea s u res upon wh ich a l l  data a n a l yses were 
based . The  mea n , sta n da rd deviation , and mi n imum a n d  max imum 
va l u es were determi n ed fo r the va riab les of age , h eig ht ,  weig ht, 
c i rcumfe rences (th o ra x ,  wa i st ,  abdomen , h ip ,  g l utea l fol d a n d  th ig h ) ,  
estimated res idua l  vol ume, body dens ity - a n d  percent body fat .  Pea rson 
Prod uct-Moment zero-order correlation s between each of the s i x  
c i rcumferences a n d  body dens ity were a lso determi n ed . P rior to 
fu rth e r  a n a lyses , the data were ra ndomly div ided i nto two g roups , a 
va l idation sample ( n  = 31) a nd a c ros s - val idation sampl e  ( n  = 20) . 
Mu lt ip le  reg res s ion a n a lyses were u sed to dete rm ine  the best p redi ctors 
of body den s ity ,  as determi ned from u nderwater weig h i ng fo r the 
va l idation samp le . P red ictor va r iab les i nvestigated were age,  selected 
ci rcumference mea s u rements , the s um of the sel ected ci rcu mfe rences and 
the squa re of  the summed c i rcumferences . 
A c ros s va l idation tech n ique  was employed to determi n e  
va l id ity of t h e  best reg res s ion eq uation identifi ed for the  va l idation 
sample  ( D i sch & Mor row, 1 982) . Us i ng the va riab les identified as  the 
best p redictors for the va l idation sample,  the data of the 
cros s - va l idation sample were u sed to der ive a reg ress ion equ at ion .  The ' 
data fo r the  cross -va l i dation sample were s u bstituted i nto the  'p red iction 
eq uation derived from the  data of the va l idation sample .  T h e  data fo r 
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the va l idation sample  we re l i kewise su bstituted i nto the  p red iction 
eq uation deri ved from the data of the cross-va l idation samp le .  The 
p redicted and actua l  body den s ity va l u es were then cor re lated with 
respect to each p red iction equ ation . I f  the R2 va l ues  fo r these 
correlation s were h ig h , then the data from both g roups were combi n ed 
i n  o rder to de rive a reg ress ion equ ation with more stab le  beta weig hts . 
A p robab i l ity level  of p< . OS was accepted a s  the s ign ifica n ce l evel for 
a l l  a n a lyses . 
Most of the stat i stica l ca l cu l ations  were pe rformed u s i ng the 
Stati stica l Package for th e Socia l  Sciences ( S PSS)  at South Da kota State 
U n ivers ity d u ri n g  the s p ri n g  semester · of 1 983 ( N i e, H u l l ,  Jen ki n s ;  
Stei n b ren n e r  & B rent,  1 975) . However, t h e  Stati stica l A n a lys i s  System 
( SAS ) ( Ray,  1 982) was u sed for part of the reg ress ion a n a lyses . The  
MAXR model  of  the  STEPWI S E  p roced u re was u sed to determ i n e  the  best
· 
1 ,  2 ,  3 ,  4 ,  5 , 6 a n d  7 va riab le  reg res s ion equation s .  
CHAPTER 4 
RES U LTS AND D I SCUSS ION 
The pu rpose of th i s  i nvestigation was to determi n e  an 
effective a n d  s imple method of estimati ng body den s ity of col l ege-age 
women (n = 51 ) en rol l ed at South Da kota State U n ivers ity u s i n g  age, 
selected ci rcumferences , the sum of these ci rcumferences and the 
squ a re of these s u mmed ci rcumferences . Two s ubp roblems were a l so 
i nvestigated . Th e fi rst subprobl em was to determine if the s um of the 
selected ci rcumferences was a better p red ictor of body den s ity than  
when each ci rcumference was  used i nd iv idua l ly  as  a p red ictor .  The 
second s u bp roblem was  to determ i n e  i f  body den s ity cou l d  best be 
p redicted by a l i n ea r  or cu rv i l i nea r relations h i p .  
Ana lys is of t h e  data and  s u mma ry of the res u lts a re p resented 
i n  seven section s :  ( a )  rel i ab i l ity of the data , ( b )  phys ica l  
cha racteri stics of t h e  s u bj ects , ( c )  inter-correlation coefficients of 
ci rcumferences a n d  body dens ity ,  (d)  mu lticol l i n ea rity , (e )  mu lti p le  
reg ress ion equation s  to p red ict body den sity i n  col l ege-age fema l es ,  (f) 
cross-va l idation , a n d  ( g )  genera l  di scu ss ion . The raw data on  wh ich 
the statistica l ana lyses were based a re presented in Appen d i x  C .  · 
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Rel i ab i l ity of the Data 
To assess the rel i ab i l ity of the s i x  ci rcumferen ces , weight,  
body dens ity a s  determ i n ed by u n derwater weig h i n g ,  and percent  body 
fat,  i ntraclass  correlation coeffi cients with mea n sq u a re with i n  s u bjects 
used as the error  term were computed (Table 1 ) .  
TA B LE 1 
Test- Retest l nt rac lass Rel i ab i l ity Coeffic ients ( n=51 ) 
Day 1 Day � 
Va riable M s o  M so M6 F 
C i rcumferences (em.) 
Thorax 73 . 27 5 . 45 73 . 1 0 5 . 35 . 1 7  1 .  50 
Wa i st 67 . 68  6 . 04  67 . 51 6 . 1 6  . 1 7  1 . 99 
Abdomen 78 . 92 7 . 47 78 . 57 7 . 3 1 . 35 4 . 05* 
H ip  94 . 1 6 6 . 49 94 . 32 6 . 48 - .  1. 6 3 . 23 
G l utea l Fold  56 . 61 4 .  71  56 . 68 4 . 78 - . 07 1 . 08 
Th igh  51 . . 08 4 . 1 6  51 . 09 4 . 1 6  - . 01 . 01 
Wei ght ( kg )  59 . 1 5 9 . 39 59 . 09 9 . 39 . 06 . 50  
�.' =,·, dy Den s ity (g/m l ) 1 . 038 . ·01 4 1 . 039 . 01 3  - . 001 4 . 04* 
Est .  RV (m l ) 1 005 1 70 996 1 67 9 2 . 26 
Percent Body Fat 25 . 77 5 . 77 25 . 35 5 . 48 . 42 4 . 09* 
Note . Mea n square with i n  s u bjects was used as the error 
term i n  the computation of the i ntraclass rel i ab i l ity coeffic i ent .  
* Sign ifica nt d ifference between Day 1 a n d  Day 2 ,  p< . 05 . 
R . 
. 992 
. 995 
. 992 
. 997 
. 997 
. 990 
. 990 
. 971  
. 982 
. 981 
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The rel i a b i l i ty coeffic ients for the c i rcumfe ren ce meas u rements 
equa l led or  exceeded R = . 990 ( p< .  05) . The abdomen c i rcumfe rence 
was the on ly c i rcumferen ce to have a s ig n ifi ca ntly d ifferent  measu rement 
between Day 1 a n d  Day 2 ( F  = 4 . 05 ,  p< . 05) , a lthoug h  th i s  d ifference 
was mi n ima l ( Day 1 ,  M = 78 . 92 em ; Day 2 ,  M = 78 . 57 em) . There was 
no s ign i ficant d ifferen ce between the repeated measu res of the other  
ci rcumferences . The  d i ffe ren ce between the mea ns  of  the  two days 
ra nged from - . 1 6 em to . 1 7  em for the other five ci rcumferences , with 
both thora x  a n d  wa i st hav i n g  a mea n d ifference of . 1 7  em . . 
The  rel i ab i l i ty coeffi c ients for · body den s ity a n d  percent body 
fat were . 971 a n d  . 981 , res pectively . Body dens ity wa s fou n d  to h ave 
a s ign i fica nt d ifferen ce between the measu rements ta ken on th e two 
days ( F  = 4 . 04,  p< . 05) , a n d  percent body fat was a l so fou n d  to have a 
s ig n ificant d ifferen ce between the two measu rements (F = 4 . 09 ,  p< . 05) . 
These d ifferences a re con s i de red neg l ig ib le  becau se they a re with i n  the 
range of one sta nda rd ·dev i ation for each day of mea s u rement .  The  
rel i ab i l i ty coeffic i ent for estimated res idua l  vol ume i n  the p resent study 
wa s R = . 982, a n d  body wei g ht was R = . 990 . After rel i ab i l i ty of the  
data was esta b l i s h ed ,  the mea s u rements ta ken on Day 1 and Day 2 were 
averaged to estab l i s h  the  c riterion measu res upon wh ich  a l l  other  data 
ana lyses were based . 
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Phys ical C h aracteristics of the Subjects 
The . f ifty-one s u bjects· of th is  i nvestigation we re randomly 
d ivided i nto two g roups of th i rty-on e and  twenty s u bjects for the 
pu rpose of cross -va l idation based on the gu idel i nes p rovided by Di sch 
and Morrow ( 1 982) . The mean , sta nda rd deviation and ra n ge of age, 
heig ht, weight,  body den s ity,  percent body fat and ci rcumference 
measu rements for the two g roups a re p resented i n  Tab le  2 .  
TA B LE 2 
Phys ica l  Cha racteri stics of the 
Va l idation a n d  Cross -Va l idation Samples 
Va l idation Sam2l e ( n=31 ) Cross-Va l idation 
Sample ( n =20) 
Va riab l e  M s o  Ra nge M s o  Range 
Age (yr) 20 . 86 2 . 06 1 8 . 08- 25 . 99 20 . 76 1 .  76 1 8 . 25- 23 . 83 
Height (em)  1 64 . 37 7 . 07 1 44 . 00- 1 77 . 50 1 64 . 25 6 . 77 1 53 . 00- 1 75 . 00 
Weight ( kg)  59 . 96 · 9 .  75 41 . 65- 81 . 00 57 . 82 8 . 89 45 . 45- 83 . 25 
Dens ity (g/ml ) 1 . 041 . 01 4  1 . 0 1 6- 1 . 064 1 . 036 . 01 2  1 . 01 0- 1 . 060 
Percent Fat (%) 24 . 72 5 . 71  1 5 . 28- 35 . 52 " 26 . 88 5 . 23 1 6 . 75- 38 . 35 
Ci rcumferences ( em)  
Thorax  73 . 70 5 . 78 63 . 90- 88 . 98 72 . 37 4 . 72 65 . 78- 84 . 86 
· Wa i st 67 . 84 6 . 58 58 . 48- 86 . 07 67 . 21 5 . 38 6 1 . 46- 81 . 81 
Abdomen 78 . 72 7 . 49 62 . 85- 96 . 30 78 . 78 7 . 36 68 . 06- 96 . 83 
H ip  94 . 35 6 . 79 79 . 51 - 1 06 . 81 94 . 05 6 . 1 2  83 . 88- 1 1 0 . 38 
G l utea l Fold  57 . 06 4 . 82 47 . 31 - · 65 . 98 56 . 00 4 . 65 48 . 38- 68 . 1 6 
Th igh 51 . 68 4 . 27 44 . 30- 60 . 38 50 . 1 6 3 . 86 43 . 43- 60 . 06 
Age fo r the s u  jects ra n ged from 1 8  to 26 yea rs .  The mea n 
age of the va l idation sample ( n  = 3 1 ) was 20 . 86 ( S O  = 2 . 06 )  :wh i l e  the 
mea n age for the cross-va l idation samp le  (n  = 20) wa s 20 . 76 ( S O = 
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1 .  76) . The mea n h eig h t  a n d  mea n weight  for the va l idation sample  wa s 
1 64 . 37 em ( S O  = 7 . 07)  and  59 . 96 kg ( S D  = 9 .  75) , respectively ;  a n d  the 
mean he ight  a nd mea n weig h t  for the cross-va l idation sample was 1 64 . 25 
em ( S D  = 6 . 77 )  a n d  57 . 82 kg ( S D  = 8 . 89 ) , respectively . T h e  mea n  
body den s ity for the  va l idation sample was 1 . 041 g/ml ( S O  = . 01 4) , a n d  
for the cross-va l idation sample mea n body dens ity was 1 . 036 g/ml ( S O  = 
. 01 2) . The  age, hei g ht a n d  weight  of the subjects i n  the present 
study a re compa rab le  to mea s u rements other resea rchers h ave repo rted 
( Katch & Mich ael , 1 968; Pol loc k  et a l . ,  1 975; S loa n et a l . ,  1 962 ; 
Weltman & Katch , 1 975) . Body den s i ty obta i n ed i n  the p resent stu dy 
was compa rab le  on ly  to that fou n d  by Weltman and Katch ( 1 975) . T h ey 
fou nd a den s i ty of 1 . 0372 g/ml ( S O  = . 00757) i n  thei r study i nvol v i ng 
24 fema le  u n ivers ity s u bjects (M age, 20 . 23 yea rs ; M weight ,  57 . 65 
kg ) . S loan et a l . ( 1 962) a n d  Pol lock et a l . ( 1 975) reported h ig her 
dens ities in thei r res pective stud ies . A summa ry of the descri ptive 
statistics from these  stud ies a re presented in Tab le  3 .  
The · mea n ,  standa rd dev iation a nd ra nge of the s i x  
c i rcumferen ce mea s u rements a re a l so presented i n  Tab l e  2 .  These 
measu rements a re s imi l a r  to those fou nd  by other resea rch ers ( Katc h  & 
Michael , 1 968; Pol lock et a l . ,  1 975; S loan et a l . ,  1 962; Weltma n & 
Katch , 1 975) . The mea s u rement of the chest ta ken by S loa n et a l . 
( 1 962)  (84 . 02 em) i ncl u ded the  bust whereas i n  the p resent stu dy , t h i s  
measu rement (th e thora x )  was ta ken d i rectly underneath t h e  b u st 
(73 . 70 em) . Th i s  exp l a i n s  the l a rge d i screpancy between these two 
'\ 
meas u rements . 
I nvestigator 
Katch & Michael , 
1 968 
Pol lock et a l . ,  
1 975 
Weltman & Katch , 
1 975 
You ng et a l . ,  
1 962 
TA B LE 3 
P h ys ica l C h a racter ist ics of Col l ege-Age 
Women as reported in the Lite ratu re 
n Va riab le  M 
64 Age (yrs )  1 9-23* 
H eig ht ( em )  1 65 . 9  
Wei g ht ( kg )  58 . 38 
Den s ity (g/m l )  1 . 0490 
Percent Fat 2 1 . 5  
83 Age (yrs )  20 . 2  
H eight  ( em )  1 66 . 1 · 
Weig h t  ( kg )  57 . 53 
Den s ity (g/m l )  1 . 0427 
Percent Fat 24 . 8  
24 Age (yrs)  20 . 23 
H ei g ht ( em )  1 62 . 9  
Weig ht ( kg )  57 . 65 
Den s ity (g/ml )  1 . 0372 
Percent Fat 26 . 40 
94 Age (yrs)  20 . 36 
H eight  ( i n . )  65 . 94 
Weight  ( kg )  58 . 96 
Dens ity (g/m l )  1 . 0342 
Percent Fat . 28 . 69 
* Mean age a n d  sta nda rd deviation not reported . 
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s o  
42 . 7  
6 . 70 
. 01 1 
5 . 7  
1 . 2 
5 . 9  
7 . 44 
.0 141 
6 . 4  
1 . 56 
4 . 74 
4 . G4 
. 00757 
5 . 30 
1 . 951 
2 . 374 
6 . 445 
. 0094 
28 . 55 
Pol lock et a l . ( 1 975) measu red the c i rcumfe rences of the  
chest, a bdomen , wa ist ,  g l utea l fol d  /and  th igh  among oth e rs . T h ese  
measu rements a re a l so s imi l a r  to those of  the p resent study with  the  
exception of the g l uteal  fol d . The g l utea l fold measu reme�t of  th e 
present study was 57 . 06 em ( S O  = 4 . 82 ) . The  g l utea l fol d  m easu rement 
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mea s u red by Pol loc k  et a l . ( 1 975) (M = 93 . 1  em t 5 . 3 )  i s  s im i l a r  to that 
obta i n ed by Jackson et a l . ( 1 980) (M = 92 . 28 em :t 6 .  1 2) . S i n ce both of 
these measu rements were ta ken i n  centimeters , i t  i s  spec u lated that the 
g l utea l fo ld of both l egs  together was measu red i n stead of one leg , 
beca use  these mea s u rements a re s im i la r to the h i p  c i rcumference va l ue 
in the p resent study (94 . 35 em) . 
F rom the  fi n d i ngs  of the p resent study, it  appea rs that the 
subj ects a re of average age,  he ight and  weight for col l eg e  fema l es . 
However, they have a lower body den s ity (and the refore h i g h e r  percent 
body fat) than  most of those fou n d  in other  samples of col lege women . 
It  a l so appea rs f rom these fi nd i ngs th at the s u bj ects h ave normal 
ci rcumference mea s u rements for col lege-age women . 
I nte rcorrelation Coefficients of 
C i rcumferences and Body Density 
The i nter relation s h i ps among th e c i rcumferen ce mea s u rements 
a nd body den s ity were determ i n ed for the va l idation sample  by Pea rson 
P roduct-Moment ze ro-order correlation coeffi cients . The i nte rcorre lation 
coefficients between each of the s i x  c i rcumference meas u reme
.
n ts a n d  the 
· · 
relation s h ip between body dens ity a nd each of the c i rcumferen ce 
measu rements i s  p resented i n  Tab le  4 .  The s i x  c i rcumferences a re 
h ig h ly corre lated with each oth er ,  r = . 79 to r = . 97 .  The  majo rity of 
the corre lat ion s were between . 79 a nd . 85,  with five co rrelation s . over 
. 90 :  h i p  a n d  th i g h  ( r  = . 92 ) , h i p  and  g l utea l fo ld  ( r  = . 95.) ,  thorax  
, 
a n d  wa ist ( r  = . 9 1 ) ,  abdomen and  wa i st ( r  = 
_
. 94) a nd g l utea l fol d  and  
th igh  ( r  = . 97) . 
TA B LE 4 
l ntercorrelat ion s of C i rcumferen ces and  Body Den s ity ( n=3 1 ) 
H i p  Thora x  Wa ist  
Thora x  . 79 
Wa i st . 79 . 9 1 
Abdomen . 85 . 84  . 94 
.G l utea l Fol d  . 95 . 82 . 81 
Th igh  . 92 . 81 . 79 
Body Den s ity - . 55* - . 29 - . 49 
Abdomen G l utea l 
Fold  
. 82 
. 79 . 97 
- . 63 - . 51 
* Not stati stica l ly  s i g n if i ca nt from zero ,  p< . 05 . 
Th i g h  
- . 39 
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The cor relation coeff ic ients between body dens ity a n d  the 
c i rcumfe rences a re lower th a n  the correlation coeff ic ients between the 
ci rcumferences , but  s imi l a r  to those of other  resea rchers . I n  the 
present study the ci rcumferen ce of the abdomen had the h ig h est 
corre lation with body den s ity ( r  =- . 63 ) fol lowed by h i p  ( r  = - . 55) , 
g l utea l fol d  � �- = - . 51 ) ,  wa i st ( r  = - . 49) , th igh ( r  = - . 39 )  a n d  thorax  
( r · = - . 29 ) . Weltma n a nd Katch ( 1 975) , Katch a nd M i chael ( 1 968) 
Pol lock et a l . ( 1 975) a n d  Wi lmo re a n d  Beh n ke ( 1 970) a l l  reported 
s imi l a r  low, negative cor relations  between body den s ity a nd 
ci rcumfe rence mea s u rements . 
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Mu lticol l i nea rity 
A series of m u lti p l e  reg res s ion eq uation s were deri ved u s i ng 
the data of a l l  f ifty-one s u bjects i n  order to determ i n e  wh ich  of the 
ci rcumferen ce mea s u rements were l i nea r  combi n ation s of the other  
ci rcumferences . S i n ce it was n ecessa ry to have a more stab le  i n d i cation 
of the p resence of m u lt ico l l i nea rity , the data of a l l  f ifty-one s u bjects 
were u sed . T h i s  was pa rt icu l a rly  important beca u se u lt imately a 
p rediction eq u ation wou l d  be identif ied wh ich  was deri ved u s i n g  the 
data of a l l  f ifty-one  s u bj ects . The  res u lts of th i s  a n a lys i s  a re 
presented i n  Tab l e  5 .  
Each c i rcumference was reg ressed o n  a l i  t h e  other 
ci rcumferen ces to d eterm i n e  wh ich va ria b le had the h ig h est R ::  va l u e .  
When a n  R::  val u e  approach es • 1 . 00, th i s  i nd icates that a h ig h  deg ree 
of mu lt icol l i nea rity does ex i st .  When i t  was determi ned wh ich 
ci rcumference meas u rement h ad the la rgest R 2 va l ue ,  that ci rcumferen ce 
was omitted from the  n ext seri es of computations where eac h  rema i n i ng 
ci rcumference was reg ressed on a l l  the  other ci rcumfe ren ces . Th i s  
proces s was . . conti n ued · u nti l  on ly two ci rcumferences rema i n ed .  As  
s hown i n  Tab le  5,  g l utea l fol d  was th e fi rst c i rcumfe ren ce to be  omitted 
( R 2 = . 95 ,  S E  = 1 . 001 5) , fol lowed by wa ist ( R 2 = . 94,  S E  = 1 . 51 77 ) , 
h i p  (R::  = . 89 ,  S E  = 2 . 1 802) a n d  tho ra x  ( R 2 = . 76, S E  = 2 . 6383) u ntil 
th ig h and  abdomen were the l ast two ci rcumferences rema i n i ng ( R:: = 
. 64, SE  = 2 . 5086, a n d  R2 = . 64, S E  = 4 . 461 5, respectively ) . From 
th ese fi nd i n g s  it  appea rs that a bdomen a n d  th igh  h ave th e l ea st amount 
' 
of sha red va ria n ce .  
H l p 
Tho rax 
Wa i s t 
Abd omen 
G l utea l Fo l d  
Th i gh 
\ ,. 
TABLE 5 
Hu 1 t t co 1 1 t nea r t ty Ana l ys t s  of C i rcumfe rence Me as u reme nt s ( n=5 1 ) 
1 s t Regre s s  t on . 
R
2 
S . E . 
.. 92 1 e 8J08 
. 88 1 .  9303 
. 94 1 .  53 26 
• 92 . 2 . 0724 
. 95 1 .  001 5 
.. 93 1 .  1 1 47 
2 nd Regre s s  I on 
R
2 
S II E " 
3 rd Reg re s s  I o. n 4th Regre s s  I on 
R2 S e E �  R2 S ., E  � 
ww :.-rw:::._� 
.. 90 2 .. 0760 " 89 2 e i8 D2 
. 88 1 .. 9 1 3 1  . 77 2 . 6549 . 76 2 . 6383 
. 94 1 . 5 1 77 
• 92 2 . 0663 . . 83 3 . 0577 . , 74 3 . 80 1 9 
. 85 1 . 6674 . 84 1 .  6763 • 71 2 . 2 52 9 
2!.h.legre s s l on 
2 
R s . E .  
. 64 4 . 461 5 
. 64 · 2 . 5086 
t 
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Mu lti p le Regress ion Equations  to P redict 
Body Dens ity i n  Col lege-Age Fema les  
Mu lti p le  reg ress ion a na lyses were used to dete rmi n e  the 
rel ation of va rious  combi n ation s of th e s ix  ci rcumferences a n d  age  as  
pred i cto rs of body den s ity . The  res u lts of these a na lyses a re 
presented i n  Tab le  6 .  Th ese a n a lyses used the data of the  va l i dation 
samp le .  
The  fi rst step of the a n a lyses u sed the SAS STE PW I S E  
proced u re (MAXR) to derive seven reg res s ion eq u ation s· to determi ne 
the best model eq uation a nd a l so· to determ ine  wh i ch ci rcumferen ces 
were to be s ummed togeth e r .  S i x  c i rcumferences a n d  age were entered 
as the poss ib l e  p red i ctors from wh ich the best 1 ,  2 ,  3 ,  4, 5 ,  6 a nd 7 
va riab le  equations were · i dentified . The best va riab les  for each 
reg res s ion eq uation where the n umber of pred icto rs i n c reased by one 
va riab le from one eq u ation to the n ext a re l i sted below : 
1 va riab le :  abdomen . 
2 va riab les : thora x ,  abdomen . 
3 va r iab les : thora x , abdomen , g l utea l fold .  
4 va riab les : thora x , abdomen ,  g l utea l fold ,  th ig h . 
5 va riab l es : tho.rax ,  wa i st ,  abdomen , g l utea l f.ol d ,  th ig h . 
6 va riab les : h i p ,  thora x ,  wa i st ,  abdomen , g l utea l fol d ,  
th igh . 
7 va riab l es : h i p ,  thorax , wa i st,  abdomen ,  g l utea l fold ,  
th igh , age . ' 
/ 
The SAS p rog ram identified age as  the l ast va r iab le  to be 
i nc l uded i n  the reg ress ion eq uation . The va riable age was tested by 
TA B LE 6 
Reg ress ion  Eq u ations  for Predi cti ng Body Den s ity 
De rived from Va l idation Samp le ( n =31 ) 
Va r iab les* Reg ress ion Equations R 2  
A B  8 0 1 = 1 . 1 303256-0 . 001 13520 ( A B )  . 39 
THO, A B  8 02=1 . 08822636•0 . 001 85298 (THO)  . 58 
-0 . 00233007 (A B )  
THO, A B , G L  B 03=1 . 09530896•0 . 002201 98 (THO)  • 61  
-0 . 00203880 (A  B)  
-0 . 00097685 ( G  L) 
THO , A B , G L, T H  8 04=1 . 08902921 +_0 . 001 89943 (THO) . 70 
-0 . 001 8677 ( A B )  
-0 . 0044261 6 ( G L) 
•O . 004091 58 (TH ) 
THO , WT , A B , G L, TH B D5=1 . 08579486+0 . 0021 1 552 (THO)  . 71 
-0 . 00041 689 (�) . 
-0 . 001 63622 ( A B )  
-0 . 00449776 ( G L) 
•0 . 0041 2867 ( TH ) 
H P ,  THO , WT , 
A B , G L, TH 8 06=1 . 09334589-0 . 00052906 ( H  P) . 7 1 
+0 . 0021 8730 (THO)  
-0 . 00066752 (WT) 
-0 . 001 36480 (A  B )  
-0 . 00407555 ( G L) 
•O . 00429551 (TH ) 
AG E ,  H P ,  THO,  
WT, A B , G L, T H  8 07=1 . 1 0300063-0 . 0004201 8 (AG E )  
-0 . 00076480 ( H P )  
. 71 
+0 . 00220673 (TH O)  
-0 . 00089543 (WT) 
-0 . 001 1 2749 ( A B )  
-0 . 00402251 ( G L) 
+0 . 0045601 3  ( TH ) 
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S . E . 
. 00026 
. 00052 
. 00064 
. 00 146 
. 00089 
. 00082 
. 00096 
' 
*Key : AB=abdomen ci rcumference,  em; . THO=thorax ci rcu mference, em; 
G L=g l utea l fo ld c i rcumference, em ; TH=th igh  c i rcumference ,  em ; . 
WT=wa i st ci rcumference,  em ; H P= h ip  ci rcumference , cm ;  AG E=subject' s 
age i n  yea rs . 
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add i ng it to the  othe r  s i x  ci rcu mfe ren ces to determ i ne if it s i g n if ica ntly 
added to the p red i ctio n  of body den s ity .  I t  was concl uded t h at age d id  
not contr ib ute s i g n ifica ntly to the  p red i ction ( F  = • 1 935, p< . 05) . The 
res u lts of  th i s  SAS a n a lys i s  were u sed to dete rm i n e  wh i c h  va r iab les 
were to be s u mmed togethe r  for fu rther  ana lyses . 
I n  the  second step of the data ana lyses , the  ci rcu mferences 
were s u mmed together  sta rti n g  with the sum of � I I  s i x ,  then the  s u m  of 
5 (thora x , abdomen , g l uteal fold , th igh  a nd wa i st) , the  s um of 4 
(thora x ,  abdomen , g l utea l fold  a n d  t h i gh ) , the  s um of 3 (thora x , 
abdomen a nd g l uteal  fold )  and  the sum of 2 (thora x a nd abdomen ) 
ci rcumferences . Each s u m  was then entered as  a p redictor i n  a s imple 
reg res s ion equ ation . Al l  of the  s ums of ci rcumfe.rences were poor 
p red ictors of body dens ity : s u m  of 6 ( R2 = . 269, SE = . 01 1 7 ) ; s u m  of 
5 ( R2 = . 252 , S E  = . 01 1 9 ) , s um of 4 ( R2 = . 246, S E  = . 01 1 9 ) , s u m  of 3 
( R2 = . 266, S E  = . 01 1 8 ) a n d  s u m  of 2 ( R 2 = . 248, S E  = . 01 1 9 ) . These . 
fi nd i ngs do not fol low .the  same pattern as  those of Jac kson et a l . 
( 1 980) , who fou n d  that t h e  s u m  of s ki nfolds was a better p red ictor of 
body den s ity .tha n i nd i v idua l  s k i nfolds a lone . Althoug h  Jackson et a l . 
( 1 980) meas u red a d ifferent va r iab le ,  s k i nfold s ,  f rom t h e  p resent 
study,  it was thought that the  same patte rn of p red i ct ion  wou l d  develop 
between ci rcumferen ces a n d  body den s ity as  h ad developed between 
s ki nfo lds a nd body den s i ty .  Jackson et a l . ( 1 980) mea s u red seven 
s ki nfold s ites (chest ,  a x i l l a , tr iceps , scap u l a ,  abdomen ,  s u p ra i l i um a nd 
th i g h ) and · fou n d  that the  s u m  of th ree s ki nfolds (tr iceps , s u p ra i l i um 
a n d  th i g h )  a n d  t h e  s u m  of fou r s ki nfolds (tr iceps , abdomen , 's u p ra i l i um 
a n d  th i g h )  p rov ided a more feas ib le  f ie ld test than  the  s um of a l l  
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seven . I t  appea rs that the s u m  of s ki nfo lds i s  a . bette r p red icto r of 
body dens ity th a n  the s u m  of c i rcumferences . 
After examin i n g  th e s ums of the c i rcumfe ren ces , the s ums 
were then sq ua red and ente red as  p red ictors of a stepwi se  reg ress ic-. 
a n a lys i s . T h i s  a n a lys i s  wa s patterned after the work of J ac kson et a l . 
( 1 980) a nd D u rn i n  a n d  Wo rmers ly ( 1 974) . The  R2 va l ues ra nged f rom 
. 26 to . 49 .  T h e  s q ua red s um s  of the  ci rcumference mea s u rements were 
poor p red ictors of body den s ity as  wel l . 
Th e i n depen dent va r iab le  age was a l so ex ami n ed . When age 
was added to the eq u ation of the sum of 4 the R2 va l ue i nc reased 
s l ig htly from . 265 ( S E  = . 01 1 8) to . 27 1  ( S E  = . 01 1 9) ,  but th i s  i nc rease 
p roved to be non s i g n if ica nt ( F  = . 21 9 ,  p> . 05) . Age was th en · added to 
the s u m  of 3 a nd aga i n the R2 va l ue i n c reased s l ig ht ly from . 237 ( S E  = 
. 01 20) to . 242 ( S E  = . 01 22 ) , but  was not s ig n if ica nt ( F  = . 1 849, 
p> . 05) . From th ese fi n d j n g s ,  it wa s determ i n ed that th e age of the  
s ubjects in  the p resent s.tudy d id  not add s ign ifica nt ly to  the p red iction 
of body dens ity . 
Beca use the s u ms of c i rcu mferences were poor p red icto rs of 
body den s ity,  the  i nd iv idua l c i rcu mferences were i nvestigated as 
i ndependent p red i ctors . S i n ce the SAS STEPWI S E  p roced u re ( MAX R )  
h ad a l ready p rodu ced seven reg res s ion eq uation s u s i ng t h e  i n dependent 
c i rcumferen ces as  p red ictor va r iab les , these i ndependent va ri ab les were 
exam i n ed aga i n  to eva l u ate thei r ab i l ity as  i ndependent p red i cto rs of 
body dens ity .  
' 
I n  order to obta i n  a good p red iction of tota l body den s ity , it 
seems log ica l that the  c i rcu mferen ce meas u rements need to be ta ken 
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from reg ion s of the  body that  rep resent a reas of h i ghest fat depos iton , 
s uc h  as  the  lower tru n k, abdomen and h ip a rea s . U s i ng two 
ci rcumferences d id  not adeq u ately p red ict tota l body den s i ty d u e  to the 
relatively low R 2  va l u e (thora x  a nd abdomen , R 2  = . 58, SE = . 00052) 
and  beca use  the major  a reas of fat depos ition were not adeq uately 
rep resented . Th e refore, at l east th ree measu rements n eeded to be 
u sed . The th ree mea s u rements of thora x ,  abdomen a nd g l u tea l fold ,  as  
identif ied by the MAX R  p roced u re,  h ad a n  R2  va l ue of . 61 ( S E  = 
. 00064) , a nd a re s ites of g reater fat depos ition . The  i n c l u s ion  of a 
fou rth va riab le  (th i
.
g h ) ,  added s i_g n ifi.ca ntly to the p redi ct ion of body 
den s ity (F = 7 . 8339, p< . 05) , a n d  yielded an R2 va l ue of . 70 ( S E  = 
. 001 46) . The  use  of five ci rcumferences (thora x , · wa i st ,  abdomen , 
g l utea l fold  a n d  t h ig h ) . ( R2 = . 71 ,  SE = . 00089 ) , o r  even a l l  s i x  
c i rcu mferen ces ( R 2  = . 7 1 , S E  = . 00082) d i d  not contr ibu te s i g n if ica ntly 
to the p red i ct ion of body den s ity ( F  = 1 . 3437 , p> . 05 a nd F = . 09414 ,  
p> . 05, respectively) . Based on t h e  p reced i ng i nformatio n , i t  was 
determ i n ed that th e fou r  c i rcu mference measu rements of thora x ,  
abdomen , g l u�ea l fol d  a n d  t h i g h  adequately rep resented a reas of fat 
deposit ion a n d  were the  best p red i ctors of body den s ity . 
The  next step of the a n a lyses was to determ i n e  i f  a q u a d ratic 
equ at ion p rovi ded a better p red i ction of body den s ity when  i n d iv idua l  
ci rcu mferences were u sed a s  p red i ctors i n stead of the sum of  the 
ci rcumferen ces . T h e  q uad ratic tra n sformation . of the i n dependent 
ci rcumferences was u sed to determ i ne if a cu rv i l i n ea r  relation s h ip with 
body den s ity did ex i st .  Al l of the i ndependent c i rcumference 
measu rements were squa red a n d  were entered as  p red i ctors i n  a 
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stepwi se reg res s io n  a n a l ys i s . The resu lti ng R2  va l ues ra nged f rom . 38 
to . 70 . The va riab le  abdomen entered the eq u ation on the f i rst step 
with a R2 va l ue· of . 393 . Th u s ,  a reg ress ion eq uation was deri ved with 
abdomen c i rcumferen ce a nd its sq u a re as p red i ctors . By add i ng the 
sq u a re of abdomen ci rc u mference to the abdomen c i rcumference ,  the R2 
did not i n crea se s i g n if ica nt ly ( R 2 = . 398, SE = . 01 08 ;  F = . 2537,  
p> . 05) . F rom th i s  a n a ly s i s  it wa s con cl u ded that the i nc l u s ion of a 
s q u a red i n dependent c i rcu mference term to the eq u ation d id  not 
i nc rea se the  ab i l i ty to p red ict body den s i ty g iven the  ci rcumference 
mea su rement was a l ready i n  th e eq uati-on a nd therefore the  rel at ion s h i p  
was not cu rvi l i n ea r . 
From the f i n d i n gs of the p resent study, it appea rs · that the 
s ums of the c i rcumferen ce meas u rements , the squa re of these s ums , the 
squ a re of the i ndependent var iab l es a nd age do not adeq u ately p red ict 
body den s ity .  The fou r  i ndependent ci rcumferences of thora x ,  
abdomen , g l utea l fold  and t h i g h  h ave been s hown to adeq u ately pred ict 
body den s ity ,  a nd that the add ition of five or  even a l l  s i x  
c i rcumferen ces d o  not a d d  s ign if ica ntly to t h e  p red ict ion of body 
den s ity . 
C ross- Va l idation 
The best p redi ction equ ation ( BD 4 i n  Table 6) was ba sed on 
the data of the va l i dation sample ( n  = 31 ) .  A method u sed to 
c ross-va l idate th i s  eq uat ion req u i red two steps ( Di sch & Morrow , 1 982) . 
F i rst the data of the  c ross-va l idation sample ( n  = 20) were s u bstituted 
i nto the BD 4 eq u at ion to derive p redi cted body den s ity va l u es . · The 
5 1  
p red icted and  actu a l  body dens ity va l u es of the  cross-va l id ation sample 
had  a cor relation of r = . 73 . The data of th e cross-va l i d ation sample 
were then u s ed to generate a nother reg ress ion eq u ation where the 
pred icto rs were aga i n  the fou r  va r iab les of tho ra x ,  abdomen , g l utea l 
fol d  a n d · th igh  ( B D 8 i n  Tab le  7) . Th i s  eq uation yie lded a n  R 2  va l ue 
of . 63 .  The data of the  va l idation sample were s u bstituted i n  B D  8 · to 
determ i n e  p red icted body den s ity va l ues .  The  pred icted body den s ity 
va l u es were then co r re lated with the actua l body dens ity va l ues ( r = 
• 70) . The s imi l a r r va l ues s u pport the stabi l ity of the equat ion s .  
Va riables* 
TABLE  7 
Reg ress ion  Eq u ation for P red icti ng Body Den s ity 
Derived from C ross -Va l idation Sample ( n =20) 
Reg res s ion Eq uation R 2 S . E .  
THO, AB , G L, TH B 08= 1 . 036989 +Q . 002866968 ( T H 0) 
-0 . 001 201 68 ( A  B )  
. 63  . 00836 
-0 . 003982799 ( G L) 
+Q . 0021 82448 ( T H )  
*Key : THO=thora x  ci rcumfe ren ce,  em ; A B=abdomen ci rcumfe rence, em ; 
G L=g l utea l fol d  c i rcu mfe ren ce,  em ; TH=th igh ci rcumferen ce, em . 
Beca u se of the  d emon strated stab i l ity of the eq u ation s a nd 
sma l l  sample s i ze of the  va l idation sample,  the data of the two samples 
were combi n ed to gen e rate a p red ict ion eq uation with more stable beta 
' 
weights . The eq u ation B D  4 was app l ied to the data of a l l  fifty-one 
s u bjects wh ich res u lted in an R2 va l u e  of . 65 (SE = . 001 07 ) . Due to 
52 
the  rep res entation of tota l body dens ity by th e fou r  c i rc u mfe ren ces 
(thora x , abdomen , g l u tea l fol d  a n d  th ig h ) , a n d  the R2 val u e  of . 65 ,  
t h e  B D  9 eq u ation p resented i n  Table 8 wa s dete rm i n ed to b e  th e best 
p red i ction eq u ation of tota l body den s ity .  
TA B LE 8 
Reg ress ion Eq uation for P red icti ng Body Den s ity ( n =51 ) 
Va r iables* 
THO, A B , G L, T H  
Reg ress ion Eq u ation 
8 09=1 . 070933 1 8+0 . 002 1 2348 (THO) 
-0 . 001 721 66 ( A B )  
-0 . 003686039 ( G L) 
+0 . 003080858 ( T H )  
R2  S . E .  
. 65 . 001 07 
*Key : T H O=th o ra x  ci rcu mfe ren ce ,  em ; A B=a bdomen ci rcu mfe re n ce ,  em ; 
G L=g l utea l fol d  ci rcu mfe rence, em ; T H =th i g h  c i rcumfe rence,  em . 
· Genera l  D i scuss ion 
T h e  i ntent  of t h is  stu dy wa s to determ i n e  a s i m p l e  method of 
es�imati n g  body dens ity i n  col l ege-age women u s i n g  ci rcu mferen ce 
mea s u rements . Two s u b p rob l ems were a lso i n vestigated . T h e  f i rst · 
s u bp rob l em wa s to determ i n e  if the  s u m  of ci rcumferen ces wa s a better 
p red i ctor of body d e n s i ty than  when each ci rcumfe ren ce wa s u sed 
i n d i vi d u a l l y  as a p red icto r .  T h e  s econd s u bp rob l em was to d etermi n e 
w h ether  a l i n ea r  o r  c u rvi l i nea r rel ation s h i p best p red i cted body 
den s ity .  Severa l hypot h eses we re stated dea l i ng with t h e  relation s h i p  
between the va r iab les of age, ci rcumfe rence mea s u rements , th e s um of 
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t h e  c i rcu mferences a nd t h e  sq u a re of the summed ci rcumfe ren ces a n d 
body den s ity of col l ege-age women . 
T h e  res u lts of t h e  reg res s ion a n a lyses revea l ed t h at t h e  
i n dependent va ri a b l e  a g e  . d i d  not contri b ute s i g n if ica nt ly t o  p red iction 
with eith e r  th e i n depen d ent ci rcumfe rences or th e s u m  of t h e  
ci rcu mferen ces . T h i s  ca n be attr ibuted to the restricted a g e  ra nge of 
t h e  s u bjects ( 1 8  to 26 yea rs ) . I t  wa s a l so s hown t h at the i n depen dent 
ci rcu mfe ren ce mea s u rements were better p red i ctors of body d e n s i ty t h a n  
were the s u ms of t h e  c i rc u mferen ces . Jackson et a l . ( 1 980) fou n d  that 
by s u mm i n g  thei r s k i nfo ld  mea s u rements , they were a b l e  to have a 
better p red i ctor of body d e n s ity . The res u lts of t h e  p resent stu dy 
seem to i n d i cate that t h e  s u m  of c i rcu mferen ces is a very poo r ·p red ictor 
of body den s ity .  Th i s  d i s c repa n cy s ho u l d  not be too s u rp ri s i ng w h en 
one rea l izes the d iffe rence between a s ki nfold mea s u reme n t  a n d  a 
ci rcu mfe ren ce meas u reme n t . A s ki nfold mea s u rement i s  a 
one- d i men s io n a l  mea s u re . of s u bcuta n eo u s  fat ,  whereas a c i rcu mfe ren ce 
mea s u rement ta kes i nto a ccou n t  not on ly t h e  s u bcuta n eo u s  fat 
u n dern eath the mea s u rement s ite but a l so the l ea n  body wei g h t  
i nc l u d i n g  m u scu latu re a n d  bon e  (Jac kson & Pol loc k ,  1 976) . When 
s ki n fold mea s u rements a re s u mmed together it p rovi des a more sta b l e  
estimation of body fat beca u s e  it  i s  the s u bcuta n eou s fat ,  i n  es sen ce,  
wh i ch i s  bei n g  s u mmed toget h e r .  Wh en ci rcumferen ce mea s u rements a re 
s ummed together, bot h  fat t is s u e  a n d  l ea n  ti s s u e  a re i n cl u ded , 
t h erefo re i n  o rder to rep resent the tota l body den s ity of both fat a n d  
l ea n  t i s s u e ,  t h e  mea s u rements s hou ld . b e  i n dependent va ri a b l es w h ich  
a re ta ken from these a rea s . 
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As stated by oth e r  resea rch e rs , ( Be h n ke,  1 961 ; Pol loc k et 
a l . ,  1 975; S loa n et a l . ,  1 962) the ma i n  a rea fo r fat depos ition i n  fema l es 
i s  i n  the a bdomen , h i p  a n d  th i g h  reg ion s .  T h e  tho ra x  ci rcu mfe ren ce i n  
th e p resent study i s  mai n ly a measu rement of s ke leta l d i mens ion , 
w h ereas both the  abdomen a n d  g l u tea l fol d  ci rcumfe ren ces a re a rea s of 
fat depos it io n . T h e  t h i g h  ci rcumfe rence can be seen eit h e r  a s  a n  a rea 
rep resentative of fat depos ition or muscu l atu re depen d i n g  u po n  the 
location of t h e  mea s u rement . I n  th e present stu dy, t h e  l ocation of the 
th i g h  ci rcumfere n ce wa s h a l fway between the  g reate r t roc h a n te r  and the 
top of th e patel l a ,  or  a p p rox imately h a lfway down the u ppe r l eg . T h i s  
i s  fa r enou g h  dow n  th e l eg to b e  a pa rt from t h e  fat a s sociated with the 
h i p  and b u ttocks a rea , and ca n therefo re be a s s u med a s  m u s c u l atu re . 
T h e refore th e u s e  of t h e  fou r  va r iabl es (tho ra x ,  abdomen , g l utea l fold 
and th ig h )  i s  log ica l d u e  to th e rep resentation of both fat a nd l ea n  
ti s s u e .  
T h e  resu lts of th e c ross -va l idation h ave revea l ed that t h e  fou r 
va riab le  eq u ation of tho ra x ,  abdomen , g l u tea l fo l d  a n d  th i g h  
ci rcumferen ces is  adeq u ate fo r p red iction of body dens ity i n  co l lege- age 
women d u e  to th e h i g h  co r relation between the p red i cted a n d  actua l  
body den s ity va l u es of t h e  c ros s - va l idation sample ( r  = . 73) . T h ese 
res u lts a re s imi la r to those of Jac kson , Pol loc k  and Wa rd ( 1 980) who 
fou nd co r re lation coeffi cients ra n g i n g from r = . 803 to r = . 827 between 
lab dete rmi n ed body fat a n d  p red icted body fat with thei r 
c ross-va l idation g ro u p  of 82 women . 
' 
CHAPTER 5 
SUMMA RY ,  CON C LU S IONS  A N D  RECOMMEN DAT I O N S  
-
The pu rpose of th i s  study was to determ i n e  a n  effective and 
s imple method of  estimati n g  body den s ity and  pe rcent body fat of 
fema les , ages 1 8  to 26 yea rs , u s i ng age, se lected c i rcumference 
measu rements � the sum of these ci rcumferences and  the squ a re of . these 
summed ci rcumferen ces . Two subproblems were i n vestigated . The fi rst 
s ubprob lem was to determi ne  if the s um of ·the ci rcumferen ces was a 
better p red ictor of body dens ity than  when each c i rcumfe ren ce was 
u sed i nd iv idua l ly as a p red ictor .  The  second subprob lem _ was  to 
determ i ne if body den sity cou ld best be predicted by a l i n ea r  o r  
cu rvi l i nea r  relation s h i p .  
Hypotheses 
The fol lowi ng hypotheses were i nvestigated : 
1 .  There i s  no s ign ifica nt relation sh ip  between age a n d  the 
s u m  of selected ci rcu mferences a nd body dens i�y as determ ined by 
u nderwater weig h i n g . 
2 .  There i s  no  s ign ifica nt relation sh ip  between age, the s u m  
of se lected ci rcu mferences a n d  the square of these su mmed 
ci rcumferences a n d  body den s ity as determi ned by u nderwater 
weigh ing . 
3. There i s  no s ign ificant relations h ip between th·e s u m  of 
selected ci rcu mferences a nd the sq u a re of these s ummed c i rcu mferences 
a n d  body den s ity as determ i n ed by u nderwater weig h i n g . 
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4 .  T h e re i s  no s i g n ifi ca n t  rel ation s h i p  between age a n d  the · 
i n d i v i d u a l  c i rcu mfe ren ces a n d  body dens ity a s  determ i n ed by 
u n de rwater weig h i n g .  
5 .  There i s  no s ig n ifica nt rel ation s h i p  betwee n th e i nd iv i d u a l  
c i rcumfe rences a n d  body den s ity a s  determ i n ed b y  u nderwate r 
weig h i ng .  
6 .  T h e re i s  no s ign ificant relation s h ip between th e sq u a re of 
the i nd i v i d u a l  c i rcu mferences a n d  body dens ity a s  d ete rmi n ed by 
u nd e rwate r weig h i n g . 
Methodology 
Fifty-one col leg e- age fema l es en rol l ed at South Da kota State 
U n ivers ity p a rt ic ipated i n  th e study . A l l mea s u rements were ta ken 
du r i n g  · the fa l l  s emester of th e 1 982- 1 983 academ i c  yea r .  S i x  
c i rcumferen ce s ites were mea s u red : thora x ,  
g l utea l fold  a n d  th ig h , .  a long with the  age, 
wa ist,  a bdomen , 
height,  weight,  
h i p ,  
v ita l 
capacity a n d  u n d e rwater weig h i n g  of the  s u bjects . The c i rcumfe ren ce 
mea s u rements were ta ken with a Lufki n cloth tape wh ich h a d  a G u l l ic k  
h a nd l e .  U n d e rwater wei g h i ng wa s con d u cted i n  a meta l ta n k  fol lowi n g  · 
the ci rcu mfe ren ce mea s u rements a n d  dete rm i n ation of v i ta l  capacity . 
Vita l capacity was dete rmi n ed u s i n g  a Col l i n s  6 L Vita lomete r .  Body 
den s ity wa s ca l cu l ated u s i n g t h e  fo rm u l a  of Beh n ke a n d  Wi l mo re ( 1 974) , 
a nd pe rcent body fat a ccord i n g  to t h e  fo rm u l a  of B roze k  et a l . ( 1 963 ) . 
Stati stica l a n a lys i s  of t h e  data i n cl u ded des c r i pt ive  stati stics 
for the s u bj ects a n d  m u lt i p l e  reg res s ion a n a lyses to dete rm i n e  the best 
p red i cto rs of body den s ity f rom th e ci rcumfe rence mea s u rements . 
I ntrac lass  co r re l ation s were computed 
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to determ i n e  test- retest 
rel i a b i l ity . C ros s - v a l i dation wa s emp loyed to dete rm i n e  th e va l i d i ty of 
th e reg res s ion  eq u ation . 
Findi ngs 
A n a lyses of the d ata res u lted in th e fol lowi ng fi n d i n g s : 
1 .  T h e  s u ms of t h e  ci rcumfe rences , t h e  s q u a re of these 
s u ms ,  th e s q u a re of t h e  i nd ependent ci rcumfe rences a n d  age we re not 
s i g n if icant p red i ctors of body den s i ty .  
2 .  T h e  fou r i n depen dent  c i rc u mferen ces of thora x ,  abdomen ,  
g l utea l fo l d  a n d  th i g h  we re s ig n if ica n t  i n  the i r p red i ct ion of body 
dens ity a n d  the  i n cl u s ion  of f ive or even a l l  s i x  c i rcu mfe ren ces d id not 
add s i g n ifica ntly to t h e  pred i ct ion of body den s ity . 
3 .  T h e  data of t h e  va l i dation a n d  c ros s -va l i dation  samples 
were h i g h ly co r rel ated with the  a ct u a l  body den s ity val u es for each 
respective samp l e . 
Conclus ions 
O n  the ba s i s  of the res u lts , the fol lowi n g  con c l u s io n s  h ave 
been made : 
1 .  T h e  i nd epen dent c i rcu mference mea s u rements a re mo re 
effecti ve for t h e  p red i ct ion of body dens ity than t h e  s u m  of the 
ci rcu mfe ren ces , th e s q u a re of  t h e  s ummed ci rcu mfe ren ces and the  
s q u a re of  t h e  i n depen dent ci rcu mfe rences . 
2 .  The age of t h e  s u bj ects d i d  not contr ibute s i g n if ica n tly to 
t h e  p red ict ion of body den s ity . 
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I mp l ication s  
T h e  u se of c i rcumfe ren ce mea s u rements fo r t h e  p red ictio n of 
body den s ity may b e  adva ntageou s for those i n volved i n  p h ys i ca l  
ed u cation . a nd ath l eti cs . D u e  to t h e  t ime a n d  eq u i pment i n vol ved with 
u n d e rwater wei g h i ng i t  is n ot very fea s i b l e  for ma s s  testi n g , a n d  the 
u s e  of s ki nfo lds  dema n d s  relati vely ex pen s ive eq u i pment a n d time 
con s um i n g  p ract ice fo r t h e  correct mea s u remen t .  C i rcu mfe ren ce 
mea s u remen ts ca n be u s ed a s  an  a lte rnative tech n i q u e  d u e  to the ea se 
of the  mea s u rement a n d  th e acces s i b i l ity of a ta pe meas u re .  
Recommen dations 
Th e fol l ow i n g  recommen dation s h ave been mad e  for fu rth er 
i nvestigation i nto t h i s  a rea : 
1 .  S i n ce th i s  study exami n ed s u bj ects aged 1 8  to 26, . a l a rger 
and pos s i b ly o lder age ra nge s hou l d  be i nvestigated . 
2 .  T h i s  study i nvesti gated ci rcu mferen ce mea s u rements for 
p red i ction of body d e n s ity of women . I t  wou ld be of i nte rest to 
i nvestigate t h i s  re l ation s h i p u s i ng men a s  s u bj ects . 
' 
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Appe nd i x  A 
CON SENT FOR PART I C I PAT ION I N  A RESEARCH STUDY 
I ,  state that I am at lea st eig h teen 
( 1 8) yea rs of age a nd wis h  to pa rticipate in a resea rch p roj ect bei ng 
conducted by Mel i nda J .  Robin s .  I u nderstand that the p u rpose of th i s  
study i s  to determi n e  body dens ity a nd percent body fat of  fema les 
u s i n g  ci rcumference meas u rements . I rea l i.ze that i n  the  cou rse of th i s  
study I wi l l  have  my ci rcumferen ce measu rements · ta ken and  be 
u n derwater weighed on two sepa rate days , i n  wh ich each sess ion l asts 
approx imately a n  hou r .  I have been i nfo rmed of the p rocedu res for the 
ci rcumferen ce mea s u rements and the u nderwater weig h i n g ,  and I 
u ndersta nd what i s  req u i red of me as a subject . I acknowledge that my 
pa rticipation  i n  th i s  study i s  on a vol u nta ry bas i s  and  that I may 
withd raw from th i s  stu dy at a n y  time . I u nderstand that a l l  res u lts of 
th is  stu dy wi l l  be kept confidentia l  and  that I may obta i n  my persona l  
resu l ts i f  I so  des i re. I freely and vol u nta ri ly ag ree to pa rtic i pate i n  
th i s  resea rch p roj ect . 
----------------------- s ign atu re of vol u nteer 
date ----------
Appendix B 
MEA S U R EMENT P ROCEDU RES 
ANTH ROPOMET R I C  MEASU REMENTS 
The s u bj ect wi l l  wea r on ly u nderwea r for a l l  of the 
a nth ropometr ic mea s u rements . The n ame and age of the s u bjects wi l l  be 
recorded . The s ites for the ci rcumferences wi l l  be ma rked with a 
demog rap h ic penci l . S i x  . c i rcumference measu rements wi l l  be ta ken at 
the fol lowi ng  s ites : thora x ,  wa i st, abdomen , h i ps , g l utea l fo ld and 
th ig h . 
Upon completion of the a !'th ropometr ic mea s u rements , the 
subj ect w i l l  change  i nto a one-piece bath ing  s u it and meet the 
resea rcher  in  the pool a rea , where body weig ht and sta n d i ng h eight w i l l  
b e  mea s u red . 
UNDERWATER WE I GH I NG MEASU REMENT 
Vita l capacity wi l l  be determi n ed fi rst with the  use  of a 
Vita lometer .  The  s u bj ect w i l l  s it next to the Vita lomerer,  wea ri n g  nose 
cl ips . The s u bj ect w i l l· i n ha le  as much a i r  as poss ib le ,  then lea n i ng 
forwa rd , exh a l e  a s  much as  pos s ib l e  i nto the mouth p iece,  ma ki n g  s u re 
that the mouth is  fu l ly a rou nd  the mouthpiece . Fou r  compl ete 
i n ha lation s a n d  ex ha l ations  a re to be completed . The s u bj ect wi l l  then 
move to the u nderwater weigh i ng ta n k  and wi l l  cl imb i nto th e ta n k  a nd 
squeeze out a ny a i r b u bbles i n  the s u it and  on the body . The subject 
wi l l  then s it on  the  seat and  try to become ba l anced by p utti ng the · 
a rms a rou nd  the outs i de of the ropes a nd hold i ng on to the front of the 
seat . The s u bject wi l l  then ta ke a b reath and let out as  m u ch a i r as 
poss ib le  then · go u n de r  water a nd ex ha le  any rema i n ing  a i r . Wh i l e  
u nder water, t h e  s u bject s hou ld  try to rema i n  as  sti l l  a s  poss ib le . 
(The s u bject may wa nt to cou nt s lowly to ten . )  Th i s  p rocess wi l l  be 
repeated six to ten times u nti l th ree s jmi la r readi ngs are recorded . 
The s u bject wi l l  be as ked to refra i n  from eati n g ,  d ri n ki ng ,  or 
smoki ng for at l ea st two hou rs p rior to ta k ing  the mea s u rements . To 
avoid any p rob lems with fl u id retention , the measu rements wi l l  be ta ken 
at least seven days p rior to or after the men strua l  cyc le .  ' 
Appendix  C 
RAW DATA 
SUBJ H I P  C I R  THO C I R  WST C I R  ABO C I R G LU C I R  THO C I R  
1 97 . 9 3 7 3 . 90 66 . 3 1  76 . 02 5 9 . 88 55 . 1 2 
2 1 1 0 . 38 84 . 86 8 1 . 82 96 . 83 68 . 1 6 60 . 06 
3 1 06 . 28 74 . 8 1 68 . 1 0 82 . 38 6 3 . 8 1 56 . 8 3 
4 93 . 75 77 . 1 0 73 . 1 6 83 . 05 5 6 . 5 3 5 1 . 30 
5 96 . 6 1 8 1  . 1 6  69 . 50 82 . 03 5 9 . 1 8  53 . 47 
6 1 0 1 . 3 5 8 1 . 68 74 . 07 . 8 1 . 95 62 . 0 3 56 . 5 1 
7 94 . 8 3 77 . 2 7 66 . 85 77 . 5 1 56 . 6 3 52 . 1 3  
8 99 . 78 76 . 1 3  72 . 25 86 . 1 0  5 9 . 85 5 1 . 68 
9 ·98 . 5 1  77 . 20 70 . 36 82 . 65 5 7 . 1 1  49 . 73 
1 0  8 7 . 9 3 69 . 3 3 6 3 . 52 72 . 1 6 5 1 . 9 1 48 . 66 
1 1  1 00 . 48 77 . 45 73 . 1 0 87 . 3. 1 6 1 . 25 54 . 5 3 
1 2  88 . 65 68 . 60 60 . 90 74 . 6 3 5 2 . 68 46 . 20 
1 3  79 . 5 1 65 . 96 58 . 88 62 . 8 5 5 1 . 1 3 4 7 . 2 3 
1 4  84 . 5 1 6 3 . 90 . 58 . 73 68 . 05 47 . 3 1 44 . 3 0 
1 5  9 3 . 45 70 . 43 6 3 . 1 8 75 . 58 54 . 6 1 48 . 9 0 
1 6  92 . 90 72 . 0 1 70 . 08 79 . 5 8 5 5 . 68 50 . 6 0  
1 7  85 . 88 65 . 78 6 1 . 66 70 . 4 1  49 � 0 3 43 . 4 3 
1 8  96 . 83 72 . 1 8 68 . 4 1 8 1 . 0 1 5 7 . 2 3 5 1 . 9 1 
1 9  9 3 . 8 3 75 . 1 8 68 . 46 77 . 42 58 . 6 5 50 . 80 
2 0  92 . 5 1 7 3 . 5 1 69 . 1 3  80 . 7 3 5 3 . 50 50 . 2 3 
2 1  99 . 8 5 72 . 88 70 . 88 84 . 78 60 . 8 0  5 5 . 06 
22 89 . 40 70 . 2 1 6 3 . 23 75 . 80 5 3 . 88 48 . 2 5 
2 3  92 . 50 66 -. 23 6 1 . 75 74 . 80 5 1 . 9 3 46 . 1 5  
24 9 1 . 88 69 . 3 5 . 63 . 06 72 . 78 57 . 8 3 52 . 70 
2 5  95 . 1 1  72 . 5 6  70 . 58 82 . 3 5 58 . 7 6  5 1 . 9 5 
26 1 06 . 8 1 85 . 8 3 83 . 46 96 . 05 6 5 . 9 8 58 . 43 
27 1 0 1 . 7 3 79 . 50 79 . 28 9 1 . 48 6 3 . 3 0 56 . 76 
28 90 . 00 70 . 5 3 6 1 . 5 1 69 . 36 5 2 . 98 49 . 57 
29 94 . 8 7  70 . 1 3  6 4 . 46 78 . 9 3 6 0 . 1 1  53 . 06 
3 0  83 . 88 66 . 6 1 6 1 . 46 68 . 06 48 . 3 8 45 . 8 3 
3 1 92 . 68 65 . 98 62 . 5 1 77 . 7 3 5 5 . 3 6 49 . 48 
3 2  . 9 1 . 55 70 .. 66 67 . 62 78 . 45 5 5 . 5 3 49 . 97 
3 3  9 3 . 08 72 . 5 5 68 . 92 82 . 45 5 7 . 8 5 52 . 3 8 
3 4  9 6 . 56 7 8 . 3 6 7 1 . 53 82 . 3 7 60 . 0 3 54 . 7 8 
3 5  8 7 . 82 68 . 1 8 62 . 48 7 3 . 8 1 52 . 2 3 46 . 78 
36 9 3 . 1 5 69 . 60 62 . 98 74 . 60 54 . 26 47 . 6 8 
3 7  8 6 . 46 66 . 8 3 58 . 48 70 . 1 0 49 . 76 45 . 3 0 
38 94 . 1 5  70 . 5 1  65 . 80 79 . 78 5 4 . 6 7  50 . 43 
39 1 03 . 96 88 . 98 86 . 07 96 . 3 0 6 3 . 90 57 . 9 3 
40 97 . 78 15 . 76 69 . 6 1 86 . 00 58 . 56 52 . 2 1 
4 1  89 . 2 3 69 . 92 65 . 08 7 6 . 05 52 . 72 48 . 5 1 
42 86 . 66 72 . 87 6 5 . 66 72 . 08 52 . 50 47 . 53 
4 3  9 1 . 3 8 70 . 58 64 . 1 5  75 . 2 3 54 . 08 45 . 9 3 
44 87 . 6 1 69 . 78 6 3 . 48 75 . 3 0 52 . 0 1 45 . 6 5 
45 96 . 6 1  7 3 . 97 6 3 . 7 1 7 1 . 8 :; 60 . 20 5 4 . 78 
46 90 . 9 5 75 . 55 67 . 00 76 . 43 54 . 58 50 . 6 5 
47 89 . 1 0 7 1 . 7 3 66 . 07 70 . 4 1 54 . 1 5 49 . 6 5  
48 1 06 .  1 7  77 . 1 0 7 1 . 88 89 . 48 65 . 0 6 6 0 . 3 8 
49 94 . 28 74 . 5 3 69 . 43 79 . 1 8 56 . 3 6 50 . 4 3 
50 1 04 . 45 71 . 7 1 74 . 0 0  8 3 . 7 5 6 2 . 1 3 56 . 2 1  
5 1  90 . 3 1 68 . 8 3 62 . 6 1 72 . 08 52 . 75 47 . 28 
Note . H I P  C l  R=h i p  c i rc umfe re n ce ,  em ; THO C l R=t h o ra x  ci rc u mfe re n c e ,  
'"Ciii"; WST C l  R=wa i st ci rc u mfe ren c e ,  em ; A B O  C l  R=a bdomen 
ci rcu mfe re n ce ,  em ; G LU C l  R=g l u tea l fol d  c i rcu mf e re n ce , em ; TH 
C l  R=th i g h  c i rc u mfe re n ce ;  em . 
· 
